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Preface 


The 1991 Philips Components—Signetics PLD Data Handbook is loaded with 
information on new parts. Using the fastest technologies in the most innovative 
architectures, today’s system designer can pick from the largest selection of PLDs 
in the industry. Featured in 1991 are the ultra high-speed BICMOS devices 
designed to be pin, function, and fusemap identical to existing industry standard 
parts. Some highlights of this handbook include the fastest silicon PLDs available 
(PHD16N8 and PHD48N22)—at 5 nanoseconds! These devices make ideal 
decoders to squeeze maximum performance from powerful microprocessors. 


Designers using DRAM, VRAM and graphics will appreciate the speed and power 
of the new line of sequencers which include the PLC415, PLC42VA12, PLUS405 
and PLUS105. These sequencers also make innovative bus and LAN controllers for 
emerging standard protocols. 


At last, the logical power of dual programmable arrays comes forth in the PLUS153 
and PLUS173 devices—at 10 nanosecond propagation delays. 


The PLC18V8Z is the only zero power 20-pin device which can replace 16V8’s! 


For maximum density in a truly compact system, the Programmable Macro Logic 
family now boasts four members—the PML2552 and PLHS601 are added to the 
original PLHS501 and PLHS502. The PML2552 is the PLD industry's first dense 
device to implement SCAN test. 


To complement the devices, SLICE design software is offered through our Sales 
Offices (see Section 11) and SNAP software is available for high level support. 
Read about them under Product Support. 


Expanding customer service has been an ongoing effort. Our Applications staff 
continues to answer your technical questions on PLD designs and our free 
computer Bulletin Board, with 24-hour service, is at (800)451-6644. 


New PLD users are encouraged to read the Applications Section for an overview of 
PLD ideas. More seasoned PLD users are encouraged to go through the PLD 
applications and PML applications at the end of the handbook to gain 
understanding and ideas for new designs. 
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Data Sheet 


Identification Definition 


Product Status 





This data sheet contains the design target or goal 
specifications for product development. Specifications may 
change in any manner without notice. 








Objective Specification Formative or In Design 













This data sheet contains preliminary data and 
supplementary data will be published at a later date. 
Preliminary Specification Preproduction Product Signetics reserves the right to make changes at any time 
without notice in order to improve design and supply the best 
possible product. 





This data sheet contains Final Specifications. Signetics 
reserves the right to make changes at any time without notice 
in order to improve design and supply the best possible 
product. 
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Programmable Logic Sequencers (12 x 48 x 8); 14, 20OMHZ... 1... . eee eee eee 278 
Programmable Logic Array (22 x 42 x 10); 30nS 1.0... cece eee 202 
Programmable Logic Sequencer (20 x 45 x 12); 18MHZ .......... cece eee 289 
PAL®-Type Devices (16L8, 16R4, 16R6 and 16R8);7.5ns ......... 0c eee eee eee 59 
PAL®-Type Devices (20L8, 20R4, 20R6 and 20R8);7.5ns ......... 0. cc eee eee 134 
Programmable Logic Sequencer (16 x 48 x 8); 45MHZ ........ 0. eee eee eee eee 350 
Programmable Logic Sequencer (16 x 48 x 8); 55MHZ ......... eee cece eee 363 
Programmable Logic Arrays (18 x 42 x 10); 15/12ns 2... Lecce ee ee eee 186 
Programmable Logic Array (18x 42 x10); 10S 2.0... cece eee eee cee eee 194 
Programmable Logic Arrays (22 x 42x 10); 15/12nNS 2... eee ee eee ees 209 
Programmable Logic Array (22 x 42x 10); 10ns 26... ee eee ee eee 217 
Programmable Logic Sequencers (16 x 64 x 8); 37, 45MHZ....... 0.0... 022 eee 376 
Programmable Logic Sequencer (16 x 64 x 8); 55MHZ ..........--- cee ee eee 392 
Programmable Macro Logic ........ 0... eee eee ee re cee teen eee eeaee 446 
ECL PAL®—Type Devices; 4.5nS ........ 2. cece ee cece cette teen eens 446 
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ARCHITECTURE TOTAL INTERNAL STATE 
SIGNETICS (INPUTS x TERMS INPUTS REGISTERS OUTPUTS 
PART NUMBER x OUTPUTS) (# Dedicated) (# Dedicated) C,V0,R, R vO 


PAL®-TYPE DEVICES 


PLQI6L8-5 16 x64 x8 16 (10) 2C, 610 
PLQI6R4-5 16x64x8 16 (8) 4V0,4R 
PLQ16R6-5 16x64x8 ~ 16 (8) 2U0,6R 
PLQ16R8-5 16 x64x8 16 (8) . 8R 
PLUS16L8-7 16 x64x8 16 (10) 20,610 
PLUS16R4~7 16 x64x8 16 (8) 4V0,4R 
PLUS16R6-7 16x64 x8 16 (8) 2v0,6R 
PLUS16R8-7 16 x64 x8 16 (8) 8R 
PLUS16L8D 16x64x8 16 (10) 20,610 
PLUS16R4D 16 x64x8 16 (8) 4V0,4R 
PLUS16RED 16 x64 x8 16 (8) 20, 6R 
PLUS16R8D 16x64 x8 16 (8) 8R 
PLQ20L8-5 20 x64 x 8 20 (14) 20,610 
PLO20R4-5 20x 64x 8 20 (12) 4V0,4R 
PLO20R6-5 20 x64 x8 20 (12) 200,6R 
PLQ20R8-5 20 x64. x 8 20 (12) 8R 
PLUS20L8-7 20 x64 x8 20 (14) 20,610 
PLUS20R4~7 20 x64 x8 20 (12) 4V0,4R 
PLUS20R6-7 20x 64x 8 20 (12) 200,6R 
PLUS20R8-7 20 x64x8 20 (12) 8R 
PLUS20L8D 20 x 64 x8 20 (14) 2C,610 
PLUS20R4D 20x64 x8 20 (12) 4V0,4R 
PLUS20R6D 20 x64 8 20(12) 2¥0,6R 
PLUS20R8D 20 x64 x8 20 (12) 8R 
PLHSI6L8A 16 x64 x8 16 (10) 2C, 610 
PLHS16L8B 16 x64 x8 16 (10) 20,610 
PLHS18P8A 18x 72x8 18 (10) 8 V0 
PLHS18P8B 18x72x8 18 (10) 8 VO 
PHD16N8-5 16x16x8 16(10) 20,610 
PHD48N22-7 48 x 73 x 22 48 (36) 10,120 
PLC18V8Z/18V8ZI 18x74 x8 18 (8) 8 varied 


PLQ22V10-7 22 x 132 x 10 22 (12) 10 R, 10 
1OH20EV8/A 0020EV8"* 20x90 x8 20 (12) 8 varied 222MHz | 230mA 


PLS100/101 16x48 x8 16 (16) 
PLS153 18x 42x10 18 (8) 
PLSI53A 18x 42 x10 18 (8) 
PLUS153B 18x 42x10 18 (8) 
PLUS153D 18x 42x10 18 (8) 
PLUS153-10"* 18x 42x10 18 (8) 
PLS173 22x 42x10 22 (12) 
PLUS173B 22 x 42x10 22 (12) 
PLUS173D 22x 42 x 10 22 (12) 
PLUS173-10"* 22 x 42x 10 22 (12) 





oo oOo 02 0 00 020 © 
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ARCHITECTURE TOTAL INTERNAL STATE 
SIGNETICS (INPUTS x TERMS INPUTS REGISTERS OUTPUTS 
PART NUMBER x OUTPUTS) (# Dedicated) (# Dedicated) C, 10,8, RYO 


8R 
8R 
8R 
8R 
8R 
8R 
8R 
810, 4R V0 
610,6R V0 
410,8RVO 
6R 
6R 
8R 


PLS105 16x48 x8 22 (16) 
PLS105A 16x48 x 8 22 (16) 
PLUS105-45"* 16x48x8 22 (16) 
PLUS105-55** 16x48 x8 22 (16) 
PLUS405-37 16x64x8 24 (16) 
PLUS405—45 16 x64 x8 24 (16) 
PLUS405-55"* 16 x64x8 24 (16) 
PLS155 16x 45x12 16 (4) 
PLS157 16x 45 x12 16 (4) 
PLS159A 16x45 x12 16 (4) 
PLS167 14x48 x6 22 (14) 
PLS167A 14x48 x6 22 (14) 
PLS168 12x48 x6 22 (12) 
PLS168A 12x 48 x 6 22 (12) 8R 
PLS179 20x 45 x12 20 (8) 41/0, 8RVO 
PLC42VA12 42x 105 x 12 42 (10) 10CorRWO, 210 


PLC415-16 17x68 x8 25 (17) 8R 


&BE8ERERFRRRLREEESE 


PLHS501 104 x 116 x 24 16C, 810 
PLHS502 128 x 144 x 24 16 CorR, 
8VOorR VO 

PLHS601 68 x 134 x 24 12, 120 
PML2552 185 x 226 x 24 24 C, 16R, 16 VO 

PAL-Type = Programmable Array Logic (Fixed OR Array)-Type 

PHD = Programmable High-Speed Decoder 

PLA = Programmable Logic Array 


PLS = Programmable Logic Sequencer 
PML = Programmable Macro Logic 





OUTPUTS: 

C = Combinatorial output 
R = Registered output 
VO = Combinatorial /O 
R I/O = Registered I/O 


NOTES: 

fuax = 1/(tig + texo) Worst case 

* Measured at 15MHz (TTL input level) 

** Under development 

PAL is a trademark of AMD/MMI. 

PML is a trademark of Philips Components—Signetics. 
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Programmable Logic Devices may be 
ordered by contacting either the local 
Signetics sales office, Signetics 


Ordering Information 


Table 1 provides part number definition 
for Signetics PLDs. The Signetics part 
number system allows complete 
ordering information to specified in the 


Military versions of these commercial 
products may be ordered. Please refer 
to the military products data handbook 
for complete ordering information. 


representatives or authorized 
distributors. A complete listing is located 
in the back of this handbook. 


part number. The part number and 
product description is located on each 
data sheet. 


New Signetics PLD Part Numbering System 


P(L) XX YYYY Zz 


January 1991 


Pp 


Package Designator 
F —- 20-, 24-Pin Ceramic DIP (300 mil) 
N — 20-, 24-Pin Plastic DIP (300 mil) 
F — 28-Pin Ceramic DIP (600 mil) 
N — 28-Pin Plastic DIP (600 mil) 
N3 —- 28-Pin Plastic DIP (300 mil) 
A - 20-, 28-lead Plastic Leaded Chip Carrier 
FA — 20-, 24-Pin Ceramic DIP with Quartz Window (300 mil) 
KA — 68-Pin Ceramic Chip Carrier with Quartz Window 


Performance Indicator 
(May be blank, A, B, D, —7, etc. to designate speed variations 
in basic part.) 


Basic Part Number 
(3 to 8 characters) 
(e.g., 100, 105, 153, 168, 173, 18P8, 42VA12) 


Process/Architecture Indicator 
S - Bipolar Junction Isolated Schottky — Nichrome fuses 
C — CMOS — EPROM cells 
HS — High Speed Bipolar Oxide Isolated — Vertical Fuse 
US — High Speed Bipolar Oxide tsolated — Lateral Fuse 
HD - High Speed Decoder 
ML — Macro Logic 
(Blank for ECL devices) 


Indicator for Signetics Programmable Logic 
(Can be either P, PL, or blank) 
(P for PHD and PML and blank for ECL devices) 
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WHAT 1S PROGRAMMABLE 
LOGIC? 

In 1975, Signetics Corporation 
developed a new product family by 
combining its expertise in semi-custom 
gate array products and fuse-link 
Programmable Read Only Memories 
(PROMs). Out of this marriage came 
Signetics Programmable Logic Family. 


The PLS100 Field-Programmable Logic 


Array (FPLA) was the first member of 
this family. The FPLA was an important 
industry first in two ways. First, the 


Introduction 


Programmable Logic 


AND/OR/INVERT architecture allowed 
the custom implementations of Sum of 
Product logic equations. Second, the 
three-level fusing allows complete 
flexibility in the use of this device family. 
All logic interconnections from input to 
output are programmable. 


Figure 1 shows the architecture of a 
high performance sequencer combining 
a PLA architecture with JK flip-flops. 
Table 1 shows the current spectrum of 


Philips Components-Signetics PLDs. 
Parts for every need are available in 
nearly every architecture and across at 
least three technologies. the PLUS and 
PLHS prefixes describe bipolar parts, 
the PLC prefix describes EPLD (CMOS) 
parts and the PLQ prefix refers to the 
new Signetics QUBIC BiCMOS process. 
Figure 2 shows a shorthand image of 
the PLUS153 programmable logic array 
(PLA), which was derived from the 
original PLS100. 





STATE 
REGISTER 


weurs|_|— 


OUTPUT 
REGISTER 


OUTPUTS 


NOTES: 
I, P,C, N, F and P/E are user-programmable connections. 





Figure 1. High Speed Sequencer 
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Table 1. PLD Product Family 


PART NUMBER TYPE CONFIGURATION 


PHD16N8 
PLS153/153A 
PLUS153B/153D/153-10 
PLS155-159A 
PLS155 
PLS157 
PLS159A 
PLHS18P8A/B 
PLHS16L8A/B 
PLC18V82Z/| 
PLQ16L8-5 
PLQ16R4-5 
PLQ16R6-S 
PLQ16R8-5 
PLUS16L8D/~7 
PLUS16R4D/—7 
PLUS16R6D/—7 
PLUS16R8D/-7 


PLS167/A 


PLS168/A 


PLS173/PLUS173B/D/-10 
PLS179 
PLC42VA12 
PLQ20L8-5 
PLQ20R4-5 
PLQ20R6-5 
PLQ20R8-5 
PLQ22V10-7 
PLUS20L8D/-7 
PLUS20R4D/-7 
PLUS20R6D/-7 
PLUS20R8D/~7 


PLC415-16 
PLS100/101 


PLS105/105A/PLUS105 


PLUS405 


PLHSS501 
PLHS502 
PLHS601 
PML2552 
PHD48N22 


January 1991 


PHD 
PLA 
PLA 
PLS 
PLS 
PLS 
PLS 
PAL-Type 
PAL-Type 
PAL-Type 
PAL-Type 
PAL-Type 
PAL-Type 
PAL-Type 
PAL-Type 
PAL-Type 
PAL-Type 
PAL-Type 


PLS 


PLA 

PLS 

PLS 

PAL-Type 
PAL-Type 
PAL-Type 
PAL-Type 
PAL-Type 
PAL-Type 
PAL-Type 
PAL-Type 
PAL-Type 


PLS 


PLA 
PLS 


PLS 


52-, 68-PIN 


12-Input/8-Output 
18-Input/10-Output — 42-Term 


18-Input/10-Output — 42-Term 


16-Input/12-Output — 45-Term 

4 Registered Outputs 

6 Registered Outputs 

8 Registered Outputs 
18-Input/10-Output — 72-Term 
16-Input/8-Output — 64-Term 


_ 18-Input/8-Output — 72-Term 


16-Input/8-Output — 72-Term 

16-Input/4-Output, 4 Registers 
16-Input/6-Output, 6 Registers 
16-Input/8-Output, 8 Registers 
16-Input/8-Output — 72-Term 

16-Input/4-Output, 4 Registers 
16-Input/6-Output, 6 Registers 
16-Input/8-Output, 8 Registers 


14-Input/6-Output — 48-Term 
8-Bit State Registers 
6-Output Registers 
12-Input/8-Output — 48-Term 
10-Bit State Registers 
8-Output Registers 
22-Input/10-Output — 42-Term 
22-Input/10-Output — 42-Term 
42-Input/12-Output, 10 Registers 
20-Input/8-Output 
20-Input/4-Output 
20-Input/6-Output 
20-Input/8-Output 
22-Input — 10 Registered 1/O — 132-Term 
20-Input/8-Output 
20-Input/4-Output 
20-Input/6-Output 
20-Input/8-Output 


17-Input/8-Output — 68-Term 

8-Bit State and Output Registers 
16-Input/8-Output — 48-Term 
16-Input/8-Output — 48-Term 

6-Bit State Register 

8-Output Registers 
16-Input/8-Output — 64-Term 

8-Bit State and Output Registers 


32-Input/24-Output — 116-Term 
32-Input/24-Output — 144-Term 
40-Input/24-Output — 150-Term 
53-Input/24-Output — 226-Term 
48-Input/22-Output 
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Figure 2. PLUS153 20-Pin Functional Diagram 
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PLD LOGIC SYNTHESIS 


Nointermediate step is required to implement 
Boolean Logic Equations with PLDs. Each 
term in each equation simply becomes a 
direct entry into the Logic Program Table. 

The following example illustrates this 
straightforward concept: 


Xo =AB+TD +BD 
X, =AB+TD +EFG 


Xq = Po + Py + Po 
X; = Pg + Py + Py 


T 
R 
M 
io | 
yt 
| 2 | 
| 3 
| 4 | 
yaa | 
| 45 _ | 
| 46 | 
a 
Ww 
es 
=< 
ez 
> 


Figure 3. Field Programmable Logic Array 


Xx 


Xp = AB+TD+BD X1=AB+CD+EFG 


Figure 4, Equivalent Fixed Logic Diagram . 
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In the previous example, the two Boolean 
Logic equations were broken into Product 
terms. Each P-term was then programmed 
into the P-term section of the PLA Program 


Table. This was accomplished in the following 


manner: 


Step 1 

Select which input pins ly — |15 will 
correspond to the input variables. In this 
case A-G are the input variable names. Ig 
through Ip were selected to accept inputs 
A-G respectively. 


Introduction 





wagaies(52P fee) bb pL wen 


Step 2 

Transfer the Boolean Terms to the PLA 
Program Table. This is done simply by 
defining each term and entering it on the 
Program Table. 


e.g., Po = AB 


Figure 5 


This P-term translates to the Program Table 
by selecting A = Ig = H and B = Is = H and 
entering the information in the appropriate 
column. 


=CD 





This term is defined by selecting C =l,=L 
and D.= I3 = H, and entering the data into the 
Program Table. Continue this operation until 
all P-terms are entered into the Program 
Table. 








T 
E 
M 
ee 
| 3 | 
| 4 | 
eae 
WwW 
mw 
qg= 
za 
<q 
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Step 3 

Select which output pins correspond to 
each output function. !n this case Fo = 
Pin 18 = Xo, and F; = Pin 17 = X}. 





hoo EAL ol foe 
Pella abalw lala 

Ww 

_t 

reo} 

< 

ea 

S$ 

Figure 7 

Step 4 this equation. Therefore, it is only necessary be expressed as X; by placing an (L) in the 
Select the Output Active Level desired for to place an (H) in the Active Level box above — Active Level box above Output Function 1, 
each Output Function. For X the active Output Function 0, (Fo). Conversely, X; can (Fy). 


level is high for a positive logic expression of 











T 
E 
R 
M 
| 0 | 
= 
| 2 | 
| 3 | 
| 4 | 
| 46 
Ee 
4 
Ww 
2s 
cs 
<q 
> 





January 1991 14 


Philips Components—Signetics Programmable Logic Devices 





Programmable Logic 


Introduction 





Step 5 

Select the P-Terms you wish to make 
active for each Output Function. In this 
case Xo = Po + Py + Po, so an A has been 
placed in the intersection box for Pg and Xo, 
P, and Xq and Po and Xp. 


Terms which are not active for a given output 
are made inactive by placing a (e) in the box 
under that P-term. Leave all unused P-terms 
unprogrammed. 

Continue this operation until all outputs have 
been defined in the Program Table. 


Step 6 

Enter the data into a Signetics approved 
programmer. The input format is identical to 
the Signetics Program Table. You specify the 
P-terms, Output Active Level, and which 
P-terms are active for each output exactly the 
way it appears on the Program Table. 





Xp = Po + Py + Po 
%, = Py + Py + Py 


T 

E 

R 

M 
; 0 | 
tt. 
ae 
Y 44 | 
| 4s | 
} 46 | 
| 47 | 

a 
w 
e= 
=< 
cz 
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PLD LOGIC SYNTHESIS PLA with 8 inputs, 10 I/O pins, and 42 the direction of pins Bp — Bg. The D-terms 
(Continued) product terms. The user can configure the control the 3-State buffers found on the 
When fewer inputs and outputs are required device by defining the direction of the I/O outputs of the Ex-OR gates. Figures 10 and 
in a logic design and low cost is most pins. This is easily accomplished by using the —_11 show how the D-term configures each Bx 

direction control terms Dg — Dg to establish pin. 


important, the Signetics 20-pin PLD should 
be considered first choice. The PLUS153 is a 








3-STATE 
BUFFER 


3-STATE 
BUFFER 


Figure 10. PLUS153 Functional Diagram 


3-STATE 3-STATE 
BUFFER ACTIVE = BUFFER INACTIVE 
(OPEN) 


a. Dy Active Makes By Appear as an Output b. Dy Inactive Makes By Appear as an Input 
with Feedback 





Figure 11 
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Programmable Logic Introduction 
To control each D-term, itis necessary to ways. A HIGH can be forced on all control Programming the fuse permanently places a 
understand that each control gate is a gate input nodes, or fuses can be HIGH (1) on the input to the control gate. The 
36-input AND gate. To make the 3-State programmed. When a fuse is programmed, input pin no longer has any effect on that 
buffer active (B, pin an output), the output of that control gate input node is internally state. 
the control gate must be at logic HIGH (1). pulled up to HIGH (1). See Figure 12 and 
This can be accomplished in one of two Figure 13. 


FUSE INTACT 


1= LOW (0) 


CONTROL GATE CONTROL GATE 


TO AND L To AND 
ARRAY ARRAY 


or- 
By = INPUT 
3-STATE ARRAY 3-STATE - 
BUFFER BUFFER 


Figure 12. Input Effect on Control Gates (Fuse Intact) 


FUSE PROGRAMMED 


CONTROL GATE 


TO AND 
ARRAY 


By = OUTPUT 
3-STATE 
BUFFER 





Figure 13. Effect on Control Gate if Fuse is Programmed 
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DEDICATING By PIN DIRECTION 
Since each input to the D-terms is true and 
complement buffered (see Figure 11), when 
the device is shipped with all fuses intact, all 
control gates have half of the 36 input lines at 
logic low (0). The result of this is all Control 
Gate outputs are low (0) and the 3-State 
buffers are inactive. This results in all By pins 
being in the input condition. the resultant 
device is, therefore, an 18-input, O-output 
FPLA. While useful as a bit bucket or 





[active _|A | 
[inacve] © 


PROGRAM TABLE ENTRIES 


DON'T CARE || 


Thus a background of entries corresponding 
to states of virgin links exists in the table, 


shown BLANK for clarity. 
2. Unused | and B bits in the AND array are 


normally programmed Don't Care (—). 


1. The FPLA is shipped with all links intact. 
3. Unused product terms can be left blank. 


NOTES: 


| 9 | 
3t_| 
ie 
ee | 
na 
| 5 | 
| 04 | 
a 
J 02 | 
| Ds | 
|e | 
| PIN 
as 
ei 
ez 
> 


I 
jz] sisal sels lobes (71s) 
DSP APES ch Sede iad tes tel 


Write-Only-Memory (WOM), most applica- 
tions require at least one output. Clearly, the 
first task is to determine which of the Bx pins 
are to be outputs. The next step is to 
condition the control gate to make the 3-State 
buffer for those gates active. To dedicate Bo 
and B, as outputs, itis necessary to program 
all fuses to the inputs to Control Gates Do 
and D,. This internally pulls all inputs to those 
gates to HIGH (1) permanently. since all 


Bil) 


Introduction 


inputs to the Control Gates are HIGH (1), the 
output is HIGH (1) and the 3-State buffers for 
Bo and B, are active. This permanently 
enables Bp and B, as outputs. Note that even 
though Bo and B, are outputs, the output data 
is available to the AND array via the internal 
feedback (see Figure 11a). 


To program this data, the PLUS153 Program 
Table is used as shown in Figure 14. 


POLARITY 


aes eee 
21817 1s] s] ays) 2) 419) 
ERS Re eee 


Figure 14. Dedicating Bp and B; as Outputs and Bz Through Bg as Inputs 
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By placing a (—) Don't Care in each input 
box you are specifying that the True and 
Complement fuses are programmed on each 
Control Gate, thus permanently dedicating 
the Bo and B; pins as outputs. By placing a 
(0) in all input boxes for Bo - Bg, you are 
specifying that both True and Complement 
fuses are intact. This causes a low (0) to be 
forced on half of the Control Gate inputs, 
guaranteeing the output of the Control Gate 
will be low (0). When the Control Gate 
outputs are low (0), the 3-State buffer is 


B(0) 


face A | 
[inactive] ° | 


PROGRAM TABLE ENTRIES 


INACTIVE 


Thus a background of entries corresponding 
to states of virgin links exists in the table, 


shown BLANK for clarity. 
2. Unused | and B bits in the AND array are 


normally programmed Don't Care (—). 
3. Unused product terms can be left blank. 


1. The FPLA is shipped with all links intact. 


NOTES: 


za 
31 
ee 
Ea 
| 96 | 
| 05 | 
a 
08] 
02 
pos | 
| Po | 
| PIN 
2s 
zx 
<q 
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Figure 15. Active Control of By - 


inactive and the Bo - Bg pins are enabled as 
inputs. All By pin directions can be controlled 
in this manner. 


ACTIVE DIRECTION CONTROL 
Sometimes it is necessary to be able to 
actively change the direction of the By pins 
without permanently dedicating them. Some 
applications which require this include 
3-State bus enable, multi-function decoding, 
etc. This can easily be done by programming 





Introduction 


the Control Gate to respond to one or more 
input pins. It is only necessary to select which 
lx and By pins will control the pin directions 
and the active level HIGH (H) or LOW (L) that 
will be used. The PLUS153 Program Table in 
Figure 15 shows the method of controlling 

Bo — Bg with Il7. When 17 is LOW (L), pins 

Bo — Bg are outputs; when I7 is HIGH (H), 
pins Bo — Bg are inputs. Note that by 
programming all other lx and By pins as 
DON’T CARE (—), they are permanently 
disconnected from control of Bx pin direction. 


POLARITY 


B, Using Iz Active Low (L) 
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Programmable Logic Introduction 
The previous 28-pin logic synthesis example appear on Bg and B7. B; through Bs are not parts. However, to satisfy the needs of 
could be done on the PLUS 153 as follows: used and therefore left unprogrammed. Programmable Macro Logic users, Signetics 
: Signetics offers two packages for user- developed an additional software package 
Xo = AB+TD+BD friendly design assistance. The first package, Called SNAP. SNAP expands upon the 
X, =AB+CD+EFG AMAZE, has evolved over 10 years to capabilities of AMAZE in its approach to 
support Signetics programmable products design implementation, more closely 

Note that Bp was used as aCHANGE input. _ with logic equation, state equation, and resembling a gate array methodology. Both of 
When Bo is HIGH (H) the outputs appearon —_— schematic entry. AMAZE can compile these products are described in more depth 


Bg and Bg. When By is LOW (L), the outputs designs quite well for Signetics lower density at a later point in this handbook. 


POLARITY 


etmjeta} Tt yt | 
fe 


fee Ne Gets SOME Te a ee eas Oa 
ze Steps | safe esas) e) eis eis eh | ers |e) Slee Es else 
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PROGRAM TABLE ENTRIES 


INACTIVE 
DON'T CARE | —| 
fefefefefefeli ti titit | | 
fefefefefefetifititiy | | 
fofefelefefoli titi tit {| 
ofefetetefoli titi t | 
epee gh 
fefefefefefeli ti titty] | | 
feleleieiels| Cite) | 


Thus a background of entries corresponding 
& 


to states of virgin links exists in the table, 


shown BLANK for clarity. 
2. Unused | and 8 bits in the AND array are 


normally programmed Don't Care (—). 
3. Unused product terms can be left blank. 


1. The FPLA Is shipped with all links intact. 
VARIABLE 


NOTES: 
moOzyYxrO 


Ta 


Figure 16. PLUS153 Example 
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SEQUENTIAL LOGIC 
CONSIDERATIONS 

The PLUS405, PLUS105 and PLC42VA12 
represent significant increases in complexity 
when compared to the combinatorial logic 
devices previously discussed. By combining 
the AND/OR combinatorial logic with clock 
output flip-flops and appropriate feedback, 
Signetics has created the first family of totally 
flexible sequential logic machines. 


The PLUS405 (Programmable Logic 
Sequencer) is an example of a high-order 
machine whose applications are many. 
Application areas for this device include 
VRAM, DRAM, Bus and LAN control. The 
PLUS408 is fully capable of performing fast 
sequential operations in relatively high-speed 
processor systems. By placing repetitive 
sequential operations on the PLUS405, 
processor overhead is reduced. 


The following pages summarize the 
PLUS405 architecture and features. 


Sequencer Architecture 

The PLUS405 Logic Sequencer is a program- 
mable state machine, in which the output is a 
function of the present state and the present 
input. 

With the PLUS405, a user can program any 
logic sequence expressed as a series of 
jumps between stable states, triggered by a 
valid input condition (1) at clock time (t). All 
stable states are stored in the State Register. 
The logic output of the machine is also 
programmable, andis stored in the Output 
Register. The PLUS105 is a subset of the 
PLUS405. 


Clocked Sequence 

A synchronous logic sequence can be 
represented as a group of circles inter- 
connected with arrows. The circles represent 
stable states, labeled with an arbitrary numer- 
ical code (binary, hex, etc.) corresponding to 
discrete states of a suitable register. The 
arrows represent state transitions, labeled 
with symbols denoting the jump condition and 
the required change in output. The number 
of states in the sequence depends on the 
length and complexity of the desired 
algorithm. 
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Introduction 


M © = INPUT 


STATE 


REGISTER 


®) = PRESENT STATE 
@) = NEXT STATE 


© = NEXT OUTPUT 


COMBIN. 
Locic V 
OUTPUT 
REGISTER 


Figure 17. Basic Architecture of PLS105 FPLS. I, P, N, and F are Multi-line 
Paths Denoting Groups of Binary Variables Programmed by the User. 


Figure 18. Typical State Diagram. 
1,3 Are Jump Conditions Which 
Must Be Satisfied Before Any 
Transitions Take Place. F, Are 
Changes in Output Triggered by I, 
and Stored in the Output Register. 
State Transitions a >bandc—d 
Involve No Output Change. 


Figure 19. Typical State Transition 
Between Any Two States of Figure 18. 
The Arrow Connecting the Two States 

Gives Rise to a Transition 
Term T,. lis the Jump Condition. 
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State Jumps 

The state from which a jump originates is 
referred to as the Present state (P), and the 
state to which a jump terminates is defined as 
the Next state (N). A state jump always 
causes a change in state, but may or may not 
cause a change in machine output (F). 

State jumps can occur only via “transition 
terms” T,. These are logical AND functions of 
the clock (t), the Present state (P), anda 
valid input (I). Since the clock is actually 
applied to the State Register, T, = leP. When 
Tn is “true”, a control signal is generated and 
used at clock time (t) to force the contents of 
the State Register from (P) to (N), and to 
change the contents of the Output Register (if 
necessary). The simple state jump in 


Figure 20, involving 2 inputs, 1 state bit, and vaaee 

1 output bit, illustrates the equivalence of 

discrete and programmable logic Figure 20. Typical State Jump From State (0) to State (1), 
implementations. if Inputs A = B = “1”. The Jump Also Forces F = “1”, as Required. 





Sequencer Logic Structure 

The Sequencer consists of programmable 
AND and OR gate arrays which control the 
Set and Reset inputs of a State Register, as 
well as monitor its output via an internal 
feedback path. The arrays also control an 
independent Output Register, added to store 
output commands generated during state 
transitions, and to hold the output constant 
during state sequences involving no output 
changes. If desired, any number of bits of the 
Output Register can be used to extend the 
width of the State Register, via external 
feedback. 


@——— LOGIC TERMS T ————_-8 
OPTIONS 





Figure 21. Simplified Logic Diagram of PLUS105 
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Figure 22. Typical AND Gate Coupled to (I) and (P) Inputs. 
If at Least One Link Pair Remains Intact, T, is Unconditionally Forced Low. 


Figure 23. Choice of Input Polarity Coupling to a Typical 
AND Gate. With Both Links Open, (I) is Logically Don’t Care. 





Input Buffers 

16 external inputs (!m) and 6 internal inputs 
(Ps), fed back from the State Register, are 
combined in the AND array through two sets 
of True/Complement (T/C) buffers. There are 
a total of 22 T/C buffers, all connected to 
multi-input AND gates via fusible links which 
are initially intact. 


Selective fusing of these links allows coupling 
either True, Complement, or Don't Care 
values of (Im) and (P,). 


“AND” Array 
lol3P2 = Ip 3s Pg State jumps and output changes are 
: triggered at clock time by valid transition 
Figure 24. Typical Transition Terms terms T,. These are logical AND functions of: 


Involving Arbitrary Inputs and State 
Variables. All Remaining Gate Inputs 
Are Programmed Don’t Care. Note 
That T, Output is State Independent. The PLUS105 AND Array contains a total of 


48 AND gates. Each gate has 45 inputs — 
44 connected to 22 T/C input buffers, and 

1 dedicated to the Complement Array. The 
outputs of all AND gates are propagated 
through the OR Array, and used at clock time 
(t) to force the contents of the State Register 
from (P) to (N). they are also used to control 
the Output Register, so that the FPLS 8-bit 
output F, is a function of the inputs and the 
present state. The PLUS405 contains 64 
AND gates in its’ AND array. 


the present state (P) and the present input (I). 
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“OR” Array 

In general, a clocked sequence will consist of 
several stable states and transitions, as 
determined by the complexity of the desired 
algorithm. All state and output changes in the 
state diagram imply changes in the contents 
of State and Output Registers. 


Thus, each flip-flop in both registers may 
need to be conditionally set or reset several 
times with T, commands. This is accom- 
plished by selectively ORing through a 
programmable OR Array all AND gate 
outputs T, necessary to activate the proper 
flip-flop control inputs. 


The PLUS 105 OR Array consists of 14 pairs 
of OR gates, controlling the S/R inputs of 14 
State and Output Register stages, anda 
single NOR gate for the Complement Array. 
All gates have 48 inputs for connecting to all 
48 AND gates. The PLUS405 uses 64 input 
gates. 


The PLUS405 contains 16 pairs of OR gates 
controlling state transitions and output stages 
and two additional NOR gates for dual 
complement arrays. 


Complement Array 

The COMPLEMENT Array provides an 
asynchronous feedback path from the OR 
Array back to the AND Array. 


This structure enables the sequencer to 
perform both direct and complement sequen- 
tial state jumps with a minimum of transition 
(AND) terms. 


Typically direct jumps, such as T, and To in 
Figure 27 require only a single AND gate 
each. 


But a complement jump such as T3 generally 
requires many AND gates if implemented as 
a direct jump. However, by using the 
Complement Array, the logic requirements for 
this type of jump can be handled with just one 
more gate from the AND Array. Because it 
can be split into separate machines (2 
clocks), the PLUS405 incorporates two 
COMPLEMENT Arrays. 
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OUTPUT 
REGISTER 


REGISTER 


Figure 25. Typical OR Array Gating of Transition Terms T, 2.3 Controlling 


Arbitrary State and Output Register Stages. 


AND ARRAY 


COMPLEMENT 
ARRAY LOGIC 
PATH 


OR ARRAY 


Figure 26. The COMPLEMENT Array Is Logically Constructed from a 
multiple input Programmable NOR Gate. All AND Terms Coupled to the 
OR Gate are Complemented at the Inverter Output, and Can be Fed Back 
as Inputs to the AND Array. 
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TRANSITION TERMS 















11 = Pox COMPLEMENT ARRAY 
DIRECT 
Tae Fov T3 = Po(PoX + PoY) 
T3= PolPo{X + Y)] 
Tz = Po[Po + (X + Y)] 
COMPLEMENT { T3 = Po(X - ¥) = Po(Ty + Ta) Tg =0 + Po(X+ ¥) 
T3 = Po(X -Y) 












a. Typical State Sequence b. Complement Jump 








Figure 27. 


a. X and Y Specify the Conditional Logic for Direct Jump Transition Terms T, 
and T2. The Complement Jump Term T3 is True Only When Both T, and T> are 
False. 






b. Note that the Complementary Logic Expression for T3, T; + Tz, Corresponds 
Exactly to the Logic Structure of the Complement Array. 
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As indicated in Figure 28, the single Comple- 
ment Array gate may be used for many states 
of the state diagram. This happens because 
all transition terms linked to the OR gate 
include the present state as a part of their 
conditional logic. In any particular state, only 
those transition terms which are a function of 
that state are enabled; all other terms 
coupled to different states are disabled and 
do not influence the output of the Comple- 
ment Array. As a general rule of thumb, the 
Complement Array can be used as many 
times as there are states. 
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» START 
Ta1=lol1 Po 
Ta2 = Ip Po 
Teg = (Tat + Ta2) Po = (lo ty + 12) Po 


Tag = Ip P3 
Td6 = oly Po 
Tes = (Tag + Tag) Ps = (lg ly +42) Pg 


Ten = COMPLEMENT STATE TRANSITION TERM 
Tdn = DIRECT STATE TRANSITION TERM 
P, = PRESENT STATE 


b. Logic Definition 





OMPLEMENT 
RRAY 


Ta1 Taz Teo = Tae Td Td1 Td2 Te3 Tat Tae Tes 
8 TRANSITION TERMS USED 6 TRANSITION TERMS USED 


c. State Logic without Using the Complement Array d. State Logic Using the Complement Array 


Figure 28. Logic Reduction with the Complement Array. The Logic State Diagram In (a) Includes Complement Jumps Tc3 and 
Tes Defined in (b). When Using the Complement Array, a Savings of 2 Transition Terms Results, as Shown In (c) and (d). 





Additional features are available depending Programmable Macro Logic, Signetics very 
on a specific part. In particular, the high density logic is fully described in detail in 
PLC42VA12 has everything mentioned here, its own section. 


and more. More details on PLAs, PAL-Type 
devices and Sequencers can be found in the 
application section later in the manual. 
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SIGNETICS PROGRAMMABLE 
LOGIC QUALITY 


Signetics has put together winning processes 
for manufacturing Programmable Logic. Our 
standard is zero defects, and current 
customer quality statistics demonstrate our 
commitment to this goal. 


The PLDs produced in the Standard Products 
Group must meet rigid criteria as defined by 
our design rules and as evaluated with a 
thorough product characterization and quality 
process. The capabilities of our 
manufacturing process are measured and the 
results evaluated and reported through our 
corporate-wide QA05 data base system. The 
SURE (Systematic Uniform Reliability 
Evaluation) program monitors the 
performance of our product in a variety of 
accelerated environmental stress conditions. 
All of these programs and systems are 
intended to prevent product-related problems 
and to inform our customers and employees 
of our progress in achieving zero defects. 


RELIABILITY BEGINS WITH THE 
DESIGN 


Quality and reliability must begin with design. 
No amount of extra testing or inspection will 
produce reliable ICs from a design that is 
inherently unreliable. Signetics follows very 
strict design and layout practices with its 
circuits. To eliminate the possibility of metal 
migration, current density in any path cannot 
exceed 2 x 10° amps/cm?. Layout rules are 
followed to minimize the possibility of shorts, 
circuit anomalies, and SCR type latch-up 
effects. Numerous ground-to-substrate 
connections are required to ensure that the 
entire chip is at the same ground potential, 
thereby precluding internal noise problems. 


PRODUCT CHARACTERIZATION 
Before a new design is released, the 
characterization phase is completed to insure 
that the distribution of parameters resulting 
from lot-to-lot variations is well within 
specified limits. Such extensive 
characterization data also provides a basis 
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for identifying unique application-related 
problems which are not part of normal 

data sheet guarantees. Characterization 
takes place from —55°C to +125°C and at + 
10% supply voltage. 


QUALIFICATION 

Formal qualification procedures are required 
for all new or changed products, processes 
and facilities. These procedures ensure the 
high level of product reliability our customers 
expect. New facilities are qualified by 
corporate groups as well as by the quality 
organizations of specific units that will 
operate in the facility. After qualification, 
products manufactured by the new facility are 
subjected to highly accelerated environmental 
stresses to ensure that they can meet 
rigorous failure rate requirements. New or 
changed processes are similarly qualified. 


QA05 — QUALITY DATA BASE 


REPORTING SYSTEM 

The QA05 data reporting system collects the 
results of product assurance testing on all 
finished lots and feeds this data back to 
concerned organizations where appropriate 
action can be taken. The QA05 reports EPQ 
(Estimated Process Quality) and AOQ 
(Average Outgoing Quality) results for 
electrical, visual/mechanical, hermeticity, and 
documentation audits. Data from this system 
is available upon request. 


THE SURE PROGRAM 

The SURE (Systematic Uniform Reliability 
Evaluation) program audits/monitors products 
from all Signetics’ divisions under a variety of 
accelerated environmental stress conditions. 
This program, first introduced in 1964, has 
evolved to suit changing product complexities 
and performance requirements. 


The SURE program has two major functions: 
Long-term accelerated stress performance 
audit and a short-term accelerated stress 
monitor. In the case of Bipolar Memory and 
Programmable Logic products, samples are 
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selected that represent all generic product 
groups in all wafer fabrication and assembly 
locations. 


THE LONG-TERM AUDIT 
One-hundred devices from each generic 
family are subjected to each of the following 
stresses every eight weeks: 


© High Temperature Operating Life: 
Ty = 150°C, 1000 hours, static biased or 
dynamic operation, as appropriate (worst 
case bias configuration is chosen) 


® High Temperature Storage: Ty = 150°C, 
1000 hours 


© Temperature Humidity Biased Life: 85°C, 
85% relative humidity, 1000 hours, 
static biased 


© Temperature Cycling (Air-to-Air): -65°C to 
+150°C, 1000 cycles 


THE SHORT-TERM MONITOR 
Every other week a 50-piece sample from 
each generic family is run to 168 hours of 
pressure pot (15psig, 121°C, 100% saturated 
steam). 


In addition, each Signetics assembly plant 
performs SURE product monitor stresses 
weekly on each generic family and molded 
package by pin count and frame type. 
Fifty-piece samples are run on each stress, 
pressure pot to 96 hours, thermal shock to 
300 cycles. 


SURE REPORTS 

The data from these test matrices provides a 
basic understanding of product capability, an 
indication of major failure mechanisms and 
an estimated failure rate resulting from each 
stress. This data is compiled periodically and 
is available to customers upon request. 


Many customers use this information in lieu 
of running their own qualification tests, 
thereby eliminating time-consuming and 
costly additional testing. 
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RELIABILITY ENGINEERING 

In addition to the product performance 
monitors encompassed in the Programmable 
Logic SURE program, Signetics' Corporate 
and Division Reliability Engineering 
departments sustain a broad range of 
evaluation and qualification activities. 


Included in the engineering process are: 


® Evaluation and qualification of new or 
changed materials, assembly/wafer-fab 
processes and equipment, product 
designs, facilities and subcontractors 


® Device or generic group failure rate studies 


© Advanced environmental stress develop- 
ment 


® Failure mechanism characterization and 
corrective action/prevention reporting 


The environmental stresses utilized in the 
engineering programs are similar to those 
utilized for the SURE monitor, however, more 
highly-accelerated conditions and extended 
durations typify the engineering projects. 
Additional stress systems such as biased 
pressure pot, power-temperature cycling, and 
cycle-biased temperature-humidity, are also 
included in the evaluation programs. 


FAILURE ANALYSIS 

The SURE Program and the Reliability 
Engineering Program both include failure 
analysis activities and are complemented by 
corporate, divisional and plant failure analysis 
departments. These engineering units 
provide a service to our customers who 
desire detailed failure analysis support, who 
in turn provide Signetics with the technical 
understanding of the failure modes and 
mechanisms actually experienced in service. 
This information is essential in our ongoing 
effort to accelerate and improve our 
understanding of product failure mechanisms 
and their prevention. 


ZERO DEFECTS PROGRAM 

In recent years, United States industry has 
increasingly demanded improved product 
quality. We at Signetics believe that the 
customer has every right to expect quality 
products from a supplier. The benefits which 
are derived from quality products can be 
summed up in the words, lower cost of 
ownership. 
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Those of you who invest in costly test 
equipment and engineering to assure that 
incoming products meet your specifications 
have a special understanding of the cost of 
ownership. And your cost does not end there; 
you are also burdened with inflated 
inventories, lengthened lead times and more 
rework. 


SIGNETICS UNDERSTANDS 
CUSTOMERS’ NEEDS 


Signetics has long had an organization of 
quality professionals, inside all operating 
units, coordinated by a corporate quality 
department. This broad decentralized 
organization provides leadership, feedback, 
and direction fo achieving a high level of 
quality. 


In 1980 we recognized that in order to 
achieve outgoing levels on the order of 
100ppm (parts per million), down from an 
industry practice of 10,000ppm, we needed to 
supplement our traditional quality programs 
with one that encompassed all activities and 
all levels of the company. Such 
unprecedented low defect levels could only 
be achieved by contributions from all 
employees, from the R and D laboratory to 
the shipping dock. In short, from a program 
that would effect a total cultural change within 
Signetics in our attitude toward quality. 





ELECTRICAL EPQ 


QUALITY PAYS OFF FOR OUR 
CUSTOMERS 
Signetics' dedicated programs in product 
quality improvement, supplemented by close 
working relationships with many of our 
customers, have improved outgoing product 
quality more than twenty-fold since 1980. 
Today, many major customers no longer test 
Signetics circuits. Incoming product moves 
directly from the receiving dock to the 
production line, greatly accelerating 
throughput and reducing inventories. Other 
customers have pared significantly the 
amount of sampling done on our products. 
Others are beginning to adopt these 
cost-saving practices. 


We closely monitor the electrical, visual, and 
mechanical quality of all our products and 
review each return to find and correct the 
cause. Since 1981, over 90% of our 
customers report a significant improvement in 
overall quality (see Figure 1). 


At Signetics, quality means more than 
working circuits. It means on-time delivery of 
the right product at the agreed-upon price. 
Signetics considers Performance to 
Customer Request and Performance to 
Original Schedule Date to be key Quality 
issues. Employees treat delinquencies as 
quality defects. They analyze the cause for 
the delinquency and seek corrective action to 
prevent future occurrence. Continuous effort 
is given to try to achieve the ultimate goal of 
zero delinquencies. 


1989 


MECHANICAL EPQ 


YTD 1990 June 1990 


Figure 1. Signetics Quality Performance 
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ONGOING QUALITY PROGRAM 
The quality improvement program at 
Signetics is based on “Do It Right the First 
Time”. The intent of this innovative program is 
to change the perception of Signetics’ 
employees that somehow quality is solely a 
manufacturing issue where some level of 
defects is inevitable. this attitude has been 
replaced by one of acceptance of the fact that 
all errors and defects are preventable, a point 
of view shared by all technical and 
administrative functions equally. 


This program extends into every area of the 
company, and more than 40 quality 
improvement teams throughout the 
organization drive its ongoing refinement and 
progress. 


Key components of the program are the 
Quality College, the “Make Certain” Program, 
Corrective Action Teams, and the Error 
Cause Removal System. 


The core concepts of doing it right the first 

time are embodied in the four absolutes of 

quality: 

1. The definition of quality is conformance to 
requirements. 


2. The system to achieve quality 
improvement is prevention. 


3. The performance standard is zero 
defects. 


4. The measurement system is continuous 
improvement. 


“MAKING CERTAIN” — 
ADMINISTRATIVE QUALITY 
IMPROVEMENT 

Signetics’ experience has shown that the 
largest source of errors affecting product and 
service quality is found in paperwork and in 
other administrative functions. The “Make 
Certain” program focuses the attention of - 
management and administrative personnel on 
error prevention, beginning with each 
employee's own actions. 


This program promotes defect prevention in 
three ways: by educating employees as to 
the impact and cost of administrative errors, 
by changing attitudes from accepting 
cccasional errors to one of accepting a 
personal work standard of zero defects, and 
by providing a formal mechanism for the 
prevention of errors. 


January 1991 


CORRECTIVE ACTION TEAMS 
Employees with the perspective, knowledge, 
and necessary skills to solve a problem are 
formed into ad hoc groups called Corrective 
Action Teams. These teams, a major force 
within the company for quality improvement, 
resolve administrative, technical and 
manufacturing issues. 


ECR SYSTEM (ERROR CAUSE 


REMOVAL) 

The ECR System permits employees to 
report to management any impediments to 
doing the job right the first time. Once such 
an impediment is reported, management is 
obliged to respond promptly with a corrective 
program. Doing it right the first time in all 
company activities produces lower cost of 
ownership through defect prevention. 


PRODUCT QUALITY PROGRAM 
To reduce defects in outgoing products, we 
created the Product Quality Program. This is 
managed by the Product Engineering 
Council, composed of the top product 
engineering and test professionals in the 
company. this group: 
1. Sets aggressive product quality 
improvement goals; 


2. provides corporate-level visibility and 
focus on problem areas; 


3. serves as a corporate resource for any 
group requiring assistance in quality 
improvement; and 


4. drives quality improvement projects. 


As a result of this aggressive program, every 
major customer who reports back to us on 
product performance is reporting significant 
progress. 


VENDOR CERTIFICATION 
PROGRAM 

Our vendors are taking ownership of their 
own product quality by establishing improved 
process control and inspection systems. They 
subscribe to the zero defects philosophy. 
Progress has been excellent. 


Through intensive work with vendors, we 
have improved our lot acceptance rate on 
incoming materials as shown in Figure 2. 
Simultaneously, waivers of incoming material 
have been eliminated. 


QUALITY AND RELIABILITY 
ORGANIZATION 


Quality and reliability professionals at the 
divisional level are involved with all aspects 
of the product, from design through every 
step in the manufacturing process, and 
provide product assurance testing of outgoing 
product. A separate corporate-level group 
provides direction and common facilities. 


Quality and Reliability Functions 
® Manufacturing quality control 


@ Product assurance testing 


® Laboratory facilities — failure analysis, 
chemical, metallurgy, thin film, oxides 


© Environmental stress testing 
® Quality and reliability engineering 


® Customer liaison 


COMMUNICATING WITH EACH 
OTHER 


For information on Signetics’ quality 
programs or for any question concerning 
product quality, the field salesperson in your 
area will provide you with the quickest access 
to answers. Or, write on your letterhead 
directly to the corporate VP of quality at the 
corporate address shown at the back of this 
manual. 


We are dedicated to preventing defects. 
When product problems do occur, we want to 
know about them so we can eliminate their 
causes. Here are some ways we can help 
each other: 


® Provide us with one informed contact within 
your organization. This will establish conti- 
nuity and build confidence levels. 


® Periodic face-to-face exchanges of data 
and quality improvement ideas between 
your engineers and ours can help prevent 
problems before they occur. 


© Test correlation data is very useful. Line- 
pull information and field failure reports 
also help us improve product performance. 


© Provide us with as much specific data on 
the problem as soon as possible to speed 
analysis and enable us to take corrective 
action. 


® An advance sample of the devices in 
question can start us on the problem 
resolution before physical return of 
shipment. 


This teamwork with you will allow us to 
achieve our mutual goal of improved product 
quality. 
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LOT ACCEPTANCE RATE 


“1986 Decline - New lead fram supplier 
NOTE: Wafers included through 1987. 


MANUFACTURING: DOING IT 
RIGHT THE FIRST TIME 

In dealing with the standard manufacturing 
flows, it was recognized that significant 
improvement would be achieved by “doing 
every job right the first time”, a key concept of 
the quality improvement program. During 
development of the program many profound 
changes were made. Figure 3, 
Programmable Logic Process Flow, shows 
the result. Key changes included such things 
as implementing 100% temperature testing 
on all products as well as upgrading test 
handlers to insure 100% positive binning. 
Some of the other changes and additions 
were to tighten the outgoing QA lot 
acceptance criteria to the tightest in the 
industry, with zero defect lot acceptance 
sampling across all three temperatures. - 


The achievements resulting from the 
improved process flow have helped Signetics 
to be recognized as the leading Quality 
supplier of Programmable Logic. These 
achievements have also led to our 
participation in several Ship-to-Stock 
programs, which our customers use to 
eliminate incoming inspection. such programs 
reduce the user cost of ownership by saving 
both time and money. 
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Figure 2. Incoming Direct Materials Quality 


OUR GOAL: 100% 
PROGRAMMING YIELD 

Our original goal back in the early 1970s was 
to develop a broad line of programmable 
products which would be recognized as 
having the best programming yield in the 
industry. Within the framework of a formal 
quality program, our efforts to improve circuit 
designs and refine manufacturing controls 
have resulted in major advances toward that 
goal. 


Also within the framework of our formal 
quality program we have now established a. 
stated goal of 100% programming yield. 
through the increasing effectiveness of a 
quality attitude of “Do It Right the First Time” 
we're moving ever closer to that target. 


Signetics PLD programming yields have been 
shown in collected data from internal audits 
and customer reporting to be consistently 
higher than comparable devices produced by 
our competition. We use systematic methods 
involving publication of exacting 
specifications of our programming algorithms, 
and through evaluation of those algorithms as 
implemented in industry standard 
programming equipment. Because of this we 
can assure our customers who program 
Signetics PLDs on such qualified equipment 
they will see consistently high yields. Our 
data base shows that average lot 
programming yield exceeds 97%. 


‘90 YTDJune '90 


As time goes on the drive for a product line 
that has Zero Defects will grow in intensity. 
These efforts will provide both Signetics and 
our customers with the ability to achieve the 
mutual goal of improved product quality. 


The Customer Specific Quality Assurance 
department has monitored PPM progress. 
We are pleased with the progress that has 
been made, and expect to achieve even more 
impressive results as the procedures for 
accomplishing these tasks are fine tuned. 


The Customer Specific Reliability Department 
has established an ongoing Infant Mortality 
Monitor. This monitor is used to determine 
and drive ongoing Corrective Action for the 
purposes of continuously improving product 
reliability. 


The real measure of any quality improvement 
program is the result that our customers see. 
The meaning of Quality is more than just 
working circuits. It means commitment to On 
Time Delivery at the Right Place of the Right 
Quantity of the Right Product at the Agreed 
Upon Price. : 
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WAFER 
FABRICATION 


SCANNING ELECTRON MICROSCOPE CONTROL 

Waters are sampled daily by the Quality Control Laboratory from each fabrication area and subjected to SEM 
analysis. This process control reveals manufacturing defects such as contact and oxide step coverage in the 
Metalization process which may result in early failures. 

DIE SORT VISUAL ACCEPTANCE 


Product Is inspected for defects caused during fabrication, wafer testing, or the mechanical scribe and break 
operation. Defects such as scratches, smears and giassivated bonding pads are included in the lot acceptance 
Criteria, 


OIE ATTACH 
WIRE BOND 


PRE-SEAL VISUAL ACCEPTANCE 


Product is inspected to detect any damage incurred at the die attach and wire bonding stations. Defects such as 
scratches, contamination and smeared ball bonds are included in the lot acceptance criteria. 


STABILIZATION BAKE PRECONDITIONING 

Plastic molded devices are baked to stress wire and die bonds and heb eliminate marginal devices. It also ensures 
an optimum plastic seal to enhance moisture resistance. Hermetic devices are baked to ensure the elimination 
of any remaining cavity moisture. 

TEMPERATURE CYCLING (Monitor) 


Using MIL-STD-883 Method 1010.1 Condition C devices are cycled from cold to hot temperatures imposing a 
very severe stress which weakens loose bonds and package seals without degrading good devices. A loosened 
bond ts later detected during 100% electrical tests. 


SEAL TESTS 
Hermetic package seal integrity is ensured by 100% gross leak testing. ; 


100% PRODUCTION ELECTRICAL TEST 

Every device Is tested for functional and AC/DC parameters at high temperature with guard bands to assure 
performance to data sheet limits. 

BURN IN (SUPR II LEVEL B OPTION) 

Devices are burned in for 21 hours at 155°C maximum junction ternperature. 


SYMBOL 

Devices are marked with the Signetics logo, device number and the date code or custom symbol per individual 
specification requirements. 

VISUAL 

All products are 100% visually inspected per the requirements specified in Signetics or customer documents. 


100% PRODUCTION ELECTRICAL TESTING 

Every device is tested for functional and AC/DC parameters at 25°C with guard bands to assure performance to 
data sheet limits. 

FINAL QUALITY ASSURANCE GATE 


The final QA inspection step guarantees that the specified mechanical and electrical tests have met Signetics 
Zero Defect Requirements. Every shipment is sealed and identified by QA personnel. 


Figure 3. Customer Specific Products Programmable Logic Process Flow 
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CMOS RELIABILITY 
INFORMATION 

All Signetics’ EPROM die are designed as 
low power UV light erasable and electrically 
programmable read only memories. They 
have been designed to perform over military 
and commercial temperature ranges. These 
die are assembled in EPROM packages that 
comply with industry standard packages: 
CERDIP (Quartz window), Plastic DIP (One 
Time Programmable) and Plastic Leaded 
Chip Carrier (One Time Programmable). 


The following descriptions are of the tests 
and calculations performed on each device 
organization and package type to validate the 
quality and reliability of the CMOS design and 
technology. All described tests are performed 
on each package type, with the exception of 
the ‘Program-erase cycling’ test for the One 
Time Programmable devices. 


ELECTROSTATIC DISCHARGE 
PROTECTION (ESD) 


This test is performed to validate the 
product's tolerance to electrostatic discharge 
damage. 


Both MIL-STD-883 criteria (human body 
model) and mechanical model charged 
device test are performed. 


HIGH TEMPERATURE STORAGE 


LIFE TEST (HTSL) 

Another popular name for this test is data 
retention bake. This process is used to 
thermally accelerate charge loss from the 
floating gate. The test is performed by 
subjecting devices that contain a 100% 
programmed data pattern to a 250°C bake 
with no applied electrical bias or clocks. 


In addition to charge loss, this test is used to 
detect mechanical reliability (i.e., bond 
integrity) and process instability. 
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DYNAMIC LOW TEMPERATURE 


LIFE TEST (DLTL) 

This test is performed at -10°C to detect the 
effects of hot electron injection into the gate 
oxide as well as package-related failures (i.e., 
metal corrosion). The biasing and clocking 
conditions for this test are identical to the 
DHTL #1 test. 


TEMPERATURE CYCLE (TMCL) 
This test consists of performing 200 cycles of 
ambient air temperature of the chamber and 
housing the unbiased subject devices from 
-65°C to +150°C and back. The 200 cycles 
are performed at 20 minutes per cycle. 


DYNAMIC HIGH TEMPERATURE 
LIFE TEST (DHTL #1) 


This test is used to accelerate failure 
mechanisms by operating the devices at 
125°C ambient temperature with worst-case 
specified power supply voltages of Vcc and 
Vpp at §.5V. The memory is sequentially 
addressed to exercise the fully-loaded 
outputs. A checkerboard complement data 
pattern is used to simulate random patterns 
expected during actual use. 


DYNAMIC HIGH TEMPERATURE 
LIFE TEST (DHTL #2) 


This test is used to accelerate oxide 
breakdown failures and to further accelerate 
the failure mechanisms of DHTL #1. The test 
setup is identical to the one used for the 
DHTL 1 test except the temperature is 
150°C and the Voc and Vpp power supply 
voltages are 6.5V, resulting in a 20% increase 
over the specified operational electrical field 
across the gate oxides of the device 
(1.25mV/cm for 325A oxide thickness). This 
represents a 55 x electrical field induced 
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acceleration in addition to the thermal 
acceleration at 150°C. 


PROGRAM-ERASE CYCLING 
AND PROGRAMMABILITY 


All four power supply voltage combinations 
for Voc and Vpp are tested for 
programmability (Vcc = 6.0V + 0.25V and 
Vpp = 12.5V + 0.5V in program mode). The - 
number of possible program/erase cycles is 
then tested to establish program-erase 
cycling expectations. 


FAILURE RATE PREDICTIONS 

In preparation for the various life tests, a 168 
hour, 125°C, 5.5V production burn-in is 
performed on the devices. The infant 
mortality rejects are removed from the 
population in order to develop long-term 
failure rate information during the random 
failure rate portion of the device life cycle. 


The failure rate calculation combines all 
failure mechanisms by activation energies 
and associated device hours for the 125°C, 
5.5V Dynamic Life Test (DHTL #1), the 
150°C, 6.5V Dynamic Life Test (DHTL #2), 
the 150°C, 7.5V Static Life Test and the 
250°C Bake. 


The activation energies for the various 
EPROM failure mechanisms are: 


Defective bit 0.6eV 
charge gain/loss 
(electron hopping 
conduction) 
Oxide breakdown 0.3eV 
Silicon defects 0.3eV 
Contamination 1.0-1.2eV 


Intrinsic charge loss 1.4eV 

NOTE: 

The combined failure rate for the stresses is 
the sum of failure rates by activation 
energies. 
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METHODS OF FAILURE RATE 
CALCULATIONS 


Actual Device Hours = Number of Devices x 
Number of Hours. In order to determine the 
Equivalent Hours derated to a given 
operation temperature, the junction 
temperatures of the devices should be 
calculated using the known thermal 
resistance of the package (84) and the 
power dissipation of the devices: 


Ty,2 = 8ya (IV)1,2 + Tat,2 (1) 


Using the Arrhenius relation, the test 
temperature and the derated operation 
temperature will yield the thermal 
acceleration factor from T, to To. 


Ro ao Ea | 


k JIT, Te 


kTo 

k = 8.617 ~x 10-5 eV/Kelvin (Boltzmann's 
constant) 

A = Proportionality constant for a given 
failure mechanism 

R, = mean time to failure @ T, 

Ro = mean time to failure @ To 

E, = activation energy for the failure 
mechanism 

T; = operating temperature 

To = life test temperature 
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Eq 
Ry roll [8 | @) 


An additional 55 x acceleration factor should 
be added for the 150°C/6.5V dynamic life test 
due to the time-dependent oxide failure 
acceleration (20% higher than specified 
power supply voltage). 


Multiplying the actual device hours by the 
acceleration factor for each failure 
mechanism will result in the equivalent hours. 


Poisson statistics are applied to estimate the 
performance of the population from the life 
test results of a sample test. This is useful 
when the probability of failures is small and 
the failures occur randomly in time. A 
commonly used formula for estimating the 
failure rate is the “chi-squared” equation: 


2 


x 
Fo = —- x 100% 3 
: ant ° @) 
Fo = calculated failure rate estimate 


(in %/1000 hrs) at upper confidence 
limit 

“chi-squared” value for 2F, + 

2 degrees of freedom for « where 
F, is the number of actual failures 
(x2 comes from available tables for 
a known «) 

1—B, where B is the confidence limit 
(Bis stated in %). 

number of units in test 

test time in thousands of hours 
(equivalent) 


Equation 3 will calculate the estimated failure 
rates/1000 hrs for 60% confidence level 
(industry standard) for each failure 
mechanism. 


THE SURE PROGRAM 

The SURE (Systematic Uniform Reliability 
Evaluation) program audits/monitors products 
from all Signetics’ divisions under a variety of 
accelerated environmental stress conditions. 
this program, first introduced in 1964, has 
evolved to suit changing product complexities 
and performance requirements. 


The SURE program has two major functions: 
long-term accelerated stress performance 
audit and a short-term accelerated stress 
monitor. In the case of Memory products, 
samples are selected that represent product 
groups from all wafer fabrication and 
assembly locations. 


SURE REPORTS 

The data from these test matrices provides a 
basic understanding of product capability, an 
indication of major failure mechanisms and 
an estimated failure rate resulting from each 
stress. This data is compiled periodically and 
is available to customers upon request. 
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Section 3 
PAL®-Type Device 
Data Sheets 


Serles 20 
PLHS16L8A/B 
PLQ16R8-5 


PLUS16R8D/-7 


PHD16N8-5 
PLHS18P8A/B 
PLCO18V8Z/I 


Series 24 
10H20EV8/ 
10020EV8 
PLQ20R8-5 


PLQ22V10-7 
PLUS20R8D/-7 


Series 68 
PHD48N22-7 


INDEX 
PAL®-Type Devices (16 x 648) 2... ... cee cee cece eee 37 
PAL®-Type Devices 
(Includes PLQ16L8-5, PLQ16R4-5, 
PLQ16R6—-5, PLQIGR8—-5) 2... eee eee 44 
PAL®-Type Devices 
(Includes PLUS16L8D/-7, PLUS16R4D/~7, 
PLUS16R6D/-7, PLUS16R8D/—7) ........... 0.000 eae 59 
Programmable High Speed Decoder (16x 168) ......... 75 
PAL® Type: DeViC@S: 5.4 .:6:3.3ccceie. ea elaua a dence aed beanie 83 
PAL®-Type Devices 1.2... . ccc ccc eee cee ete eee nees 90 
ECL PAL®-Type Devices .......... ccc cece cece eens 104 
PAL®-Type Devices 
(Includes PLQ20L8-5, PLQ20R4—-5, 
PLQ20R6-5, PLQ20R8-5) .......... cece eee eee 119 
BiCMOS Versatile PAL®-type Device .............2.5055 134 
PAL®-Type Devices 
(Includes PLUS20L8D/-7, PLUS20R4D/-7, 
PLUS20R6D/-7, PLUS20R8D/~7) ..........2. 0.0000 149 


Programmable High Speed Decoder (48 x 73 x22) ....... 165 
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DESCRIPTION 

The PLHS16L8A is a high-speed “A” 
version, and the PLHS16L8B is a very 
high-speed “B” version PAL®-type 
device. The sum of products (AND-OR) 
architecture is comprised of 64 AND 
gates and 8 OR gates. The Signetics 
PLHS16L8A/B devices offer 100% 
functional compatibility with other PAL 
16L8 devices. Specified at a tpp of 20ns 
(maximum), the PLHS16L8A is 20% 
faster than other “A” version PAL 16L8 
devices, and consumes 20% less power 
than most other “A” speed 16L8 devices. 
The PLHS16L8B, specified at 155mA 
loc (maximum), consumes 20% less 
power than other “B” version PAL 16L8 
devices. 


All AND gates are linked to 10 dedicated 
inputs, 6 bidirectional I/O and 2 
dedicated outputs. On-chip buffers 
couple either true (I, B) or complement 
(I, B) input polarities to all AND gates. 
The 64 AND gates are separated into 
eight groups of eight product terms 
each. Within each group, seven of the 
AND terms are OR’ed together, while 
the eighth is used to control the 3-State 
function of the bidirectional I/O. All 
outputs (bidirectional and dedicated) are 
inverting. 












In the virgin state, the AND array fuses 
are back-to-back CB-EB diode pairs 
which act as open connections. Current 
is avalanched across individual diode 
pairs during fusing, which essentially 
short circuits the EB diode and provides 
the connection for the associated 
product term. 


The PLHS16L8A8B is field-program- 
mable, allowing the user to quickly 


PLHS16L8A/B 


Programmable AND array logic 


(16 x 64 x 8) 


generate custom patterns using 
standard programming equipment. 


Order codes are listed in the Ordering 
Information Table. 


FEATURES 

@ “A” version 100% functionally and 

_ pin-for-pin compatible with 
AmPAL16L8A, MMI PAL16L8A, 
TIBPAL16L8-25, and NSC PAL16L8A 
devices 


— 20% faster than other “A” version 
PAL devices 
— tpp = 20ns (max) 
© “B” version 100% functionally and 
pin-for-pin compatible with 
AmPAL16L8B, MMI PAL16L8B, 


TIBPAL16L8-15 and NSC PAL16L8B 
devices 


— Consumes 20% less power than 
other “B” version PAL devices 


— 155mA Icc (worst case) 


~ I/O propagation delay: 15ns (max) 
("B’ version) 


© Field-programmable 
© 10 dedicated inputs 


® 8 outputs 
— 6 bidirectional l/O 
— 2 dedicated outputs 


@ Individual 3-State control of all outputs 
© 64 AND gates/product terms 


© Security fuse 


®PAL is a registered trademark of Monolithic Memories, Inc., a wholly owned subsidiary of Advanced Micro Devices, Inc. 
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PIN CONFIGURATIONS 
N Package 


N = Plastic Oual-In-Line (300mil-wide) 


A Package 
lo Yeo 07 


Ip |y 


Ig GND tg Op By 
A = Plastic Leaded Chip Carrier 





APPLICATIONS 

© 100% functional replacement for 
20-pin 16L8 combinatorial PAL 
devices 


© Random logic 

© Code converters 

© Fault detectors 

® Function generators 

e Address mapping/decoding 
® Multiplexing 


Product Specification 


PLHS16L8A/B 


ic (16 x 64 x 8) 


Programmable AND array log 
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1. All unprogrammed or virgin “AND” gate locations are pulled to logic “1”. 
* Programmable connections. 


NOTES: 
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Programmable AND array logic (16 x 64 x 8) 


PLHS16L8A/B 





FUNCTIONAL DIAGRAM 
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ORDERING INFORMATION 
DESCRIPTION 
20-Pin Plastic Dual In-Line (300mil-wide) 
20-Pin Plastic Leaded Chip Carrier 


ORDER CODE 
PLHS16L8AN, PLHS16L8BN 
PLHS16L8AA, PLHS16L8BA 















ABSOLUTE MAXIMUM RATINGS! 


SYMBOL PARAMETER 
Supply voltage 


NOTES: 
1. Stresses above those listed may cause malfunction or permanent damage to the device. This 


is a stress rating only. Functional operation at these or any other condition above those 
indicated in the operational and programming specification of the device is not implied. 





RATINGS 
-0.5 to +7 
~—0.5 to +5.5 
~0.5 to Voc MAX 


Input voltage 
Output voltage 


Output voltage (programming) 


+ 
= 


Input current —-30 to +5 


8 


Output current 
+170 
0 to +75 
-€65 to +150 


Output current (programming) 


Operating temperature range 


nh 


Storage temperature range 
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THERMAL RATINGS 


TEMPERATURE : 


Allowable thermal rise 
75°C 


ambient to junction 
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Programmable AND array logic (16 x 64 x 8) ~ PLHS16L8A/B 


DC ELECTRICAL CHARACTERISTICS 
0°C < Tamb S$ +75°C, 4.75 < Voc < 5.25V 


LIMITS 
SYMBOL PARAMETER TEST CONDITIONS ee ee ee UNIT 


Input voltage 


Vit Low Voc =MIN 40.8 V 
Vin High Voc = MAX +2.0 Vv 
Vic Clamp Voc = MIN, lin = -18mA -0.9 -1.2 Vv 


Output voltage 


Veco = MIN, Vin = Vin or Vit 
Vo. Low lot =+24mA +0.50 Vv 
Vou High lon =~3.2mA +2.4 +3.5 Vv 


Voc = MAX 
tie Low Vin = +0.40V -100 pA 
by High Vin = +2.7V +25 pA 
I) High Vin = +5.5V +1.0 mA 


Output current 


Voc = MAX, Viz = 0.8V, Viy = 2.0V 
Output leakage Vout = +2.7V +100 
Output leakage Vout = +0.40V ee 
Short circuit 3 Vout = +0.5V a 


Sao psa | see | ee 


Capacitance 





Vec = +5V 
Vin = 2.0V @ f = 1MHz pF 
Vout = 2.0V @ f= 1MHz pF 
were. 
Typical limits are at Voc = 5.0V and Tamp = +25°C. 
2 These are absolute values with respect to device ground and all overshoots due to system or tester noise are included. 
3. Not more than one output should be tested at a time. Duration of the short circuit should not be more than one second. Vout = 0.5V has 
been chosen to avoid test problems caused by tester ground degradation. 
4. These parameters are not 100% tested, but are periodically sampled. 
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AC ELECTRICAL CHARACTERISTICS 


O°C < Tam < +75°C, 4.75 < Voc < 5.25V, Ry = 2002, Re = 3902 
LIMITS 
SYMBOL PARAMETER FROM TO TEST UNIT 
CONDITIONS | MIN | TYP | MAX | MIN | 
omar [wf anor | pele] [els 
Pia [ pitt oun | reus | ocnemr | Pw pao] |e | | 
Pe | outa | overs | pas [ener Tw Po |] 
NOTES: 


1. Typical limits are at Voc = 5.0V and Tam = +25°C. 

2. tpp is tested with switch S, closed and C, = SOpF. 

3. For 3-State outputs; output enable times are tested with C, = 50pF to the 1.5V level, and S, is open for high-impedance to High tests and 
closed for high-impedance to Low tests. Output disable times are tested with C, . 5pF. High-to-High impedance tests are made to an output 
voltage of Vz = (Voy — 0.5V) with S; open, and Low-to-High impedance tests are made to the Vz = (Vo, + 0.5V) level with S; closed. 






















_ 
his 





VIRGIN STATE TIMING DEFINITIONS 


A factory shipped virgin device contains all SYMBOL PARAMETER 


fusible links open, such that: 
1. All outputs are enabled. Input to output propagation 
delay. 
tea Input to Output Enable 
delay (Output Enable). 





2. All p-terms are enabled in the AND array. 





Input to output disable 
(3-State) delay (Output 
Disable). 


TIMING DIAGRAM 


INPUTS, VO 


OUTPUTS KAY) 


XXX LL x) 


WAVEFORM INPUTS OUTPUTS WAVEFORM INPUTS OUTPUTS 


DON'T CARE; CHANGING; 
achay ay ANY CHANGE STATE 
PERMITTED UNKNOWN 


CENTER 
DOES NOT LINE 1S HIGH 
APPLY IMPEDANCE 

“OFF” STATE 
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Programmable AND array logic (16 x 64 x 8) PLHS16L8A/B 





AC TEST LOAD CIRCUIT 


INPUTS ;, 


NOTE: 
C1 and Co are to bypass Vcc to GND. 





LOGIC PROGRAMMING 

The PLHS16L8A/B is fully supported by 
industry standard (JEDEC compatible) PLD 
CAD tools, including Signetics’' AMAZE 
design software package. ABEL™, CUPL™ 
and PALASM@ 90 design software packages 
also support the PLHS16L8A/B architecture. 


All packages allow Boolean and state 
equation entry formats. ABEL and CUPL also 
accept, as input, schematics capture format. 


“AND” ARRAY - (I, B) 


INACTIVE? 


NOTE: 
1. This is the initial state of all diodes pairs. 





VOLTAGE WAVEFORMS 


3.0V——— — 


OUTPUTS 
MEASUREMENTS: 
All circuit delays are measured at the +1.5V level of 
inputs and outputs, unless otherwise specified. 


Input Pulses 


PLHS16L8A/B designs can also be To implement the desired logic functions, 
generated using the program table format, each logic variable (I, B, P and D) from the 
detailed on the following page. This program logic equations is assigned a symbol. TRUE 
table entry (PTE) format is supported on the (High), COMPLEMENT (Low), DON'T CARE 
Signetics AMAZE PLD design software. and INACTIVE symbols are defined below. 
AMAZE is available free of charge to qualified 

users, 


PD 


STATE CODE 
COMPLEMENT pon'tcare’ [| - | 


2. All unused product terms must be programmed with all pairs of diodes in the INACTIVE state (all fuses on an unused p-term must be 


programmed). 


ABEL is a trademark of Data /O Com. 
CUPL is a trademark of Logical Devices Inc. 
PALASM is a registered trademark of AMD Com. 
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Programmable AND array logic (16 x 64 x 8) 


OR (FIXED) 
OUTPUTS (B, O) 


PROGRAM TABLE 
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FEATURES 
© Ultra high-speed 
—- tpp = 5ns and fax = 118MHz 


® 100% functionally and pin-for-pin 
compatible with industry standard 
20-pin PAL ICs 


© Power-up reset function to enhance 
state machine design and testability 


© Design support provided via AMAZE 
and other CAD tools for Series 20 PAL 
devices 


© Field-programmable on industry 
standard programmers 


© Security fuse 

@ Individual 3-State control of all outputs 
® Register Preload for testability 

© Power-up 3-State 

© 20-Pin DIP and 20-Pin PLCC 






PLQ16R8 






PLQ16R4 






PLQ16R8—5 Series 


PAL®-type devices 


16L8, 16R8, 16R6, 16R4 


DESCRIPTION 

The Signetics PLQ16XX family consists 
of ultra high-speed 5ns versions of 
Series 20 PAL devices. 


The PLQ16XX family is 100% functional 
and pin-compatible with the 16L8, 16R8, 
16R6, and 16R4 Series devices. 


The sum of products (AND-OR) 
architecture is comprised of 64 
programmable AND gates and 8 fixed 
OR gates. Multiple bidirectional pins 
provide variable input/output pin ratios. 
Individual 3-State control of all outputs 
and registers with feedback (R8, R6, 
R4) is also provided. Proprietary designs 
can be protected by programming the 
security fuse. 


The PLQ16R8, R6, and R4 have D-type 
flip-flops which are loaded on the 
Low-to-High transition of the clock input. 
In order to facilitate state machine 
design and testing, a power-up reset 
function has been incorporated into 
these devices to reset all internal 
registers to active-Low after a specific 
period of time. 


DEVICE NUMBER DEDICATED COMBINATORIAL REGISTERED 
INPUTS OUTPUTS OUTPUTS 


Pia g(610 


®PAL 's a registered trademark of Monolithic Memories, Inc., a wholly owned subsidiary of Advanced Micro Devices, Inc. 
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The Signetics State-of-the-Art BiCMOS 
process, known as QUBIC, has been 
employed to achieve higher levels of 
operating performance for the PLQ16XX 
family of PLDs. The QUBIC transistors 
have been optimized to provide 
two-thirds more speed at less than half 
the power consumed from products 
using our last generation of bipolar 
technology. QUBiC reduces on-chip 
delays and provides high output drive 
currents while consuming power at very 
low levels. 

The PLQ16XX family of devices are field 
programmable, enabling the user to 
quickly generate custom patterns using 
standard programming equipment. See 
the programmer chart for qualified 
programmers. 


The AMAZE software package from 
Signetics supports easy design entry for 
the PLQ16XX series as well as other 
PLD devices from Signetics. The 
PLQ16XxX series are also supported by 
other standard CAD tools for PAL-type 
devices. 


Order codes are listed in the Ordering 
Information table. 
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PAL-type devices | 
16L8, 16R8, 16R6, 16R4 PLQ16R8—5 Series 


PIN CONFIGURATIONS 
PLQ16L8 PLQ16R8 
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SYMBOL DESCRIPTION DESCRIPTION 
Dedicated input Dedicated Input 
Dedicated combinatorial Output Dedicated combinatorial Output 
Registered output Registered output 
Bidirectional (input/output) Bidirectional (input/output) 
Clock input Clock input 
Output Enabla Output Enable 
Supply Voltage Supply Voltage 
Ground Ground 
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PAL-type devices . 
16L8, 16R8, 16R6, 16R4 PEGIGHE=5'SEnes 


PIN CONFIGURATIONS 


PLQ16R6 PLQ16R4 
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PLQ16R6 PLQI6R4 


lg CLK Vcc¢ B7 lo CLK Vcc B7 
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DESCRIPTION 

Dedicated Input 

Dedicated combinatorial Output 
Registered output 

Bidirectional! (input/output) 
Clock input 

Output Enable 

Supply Voltage 

Ground 


SYMBOL DESCRIPTION 
Dedicated Input 
Dedicated combinatorial Output 
Registered output 
Bidirectional (input/output) 
Clock input 
Output Enable 
Supply Voltage 
Ground 
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16L8, 16R8, 16R6, 16R4 


PAL-type devices 
LOGIC DIAGRAM 
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INPUTS (0-31) 


All unprogrammed or virgin “AND” gate locations are pulled to logic “0”. 


<* Programmable connections. 


NOTES: 
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. All unprogrammed or virgin “AND"* gate locations are pulled to logic “0". 


NOTES: 
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16L8, 16R8, 16R6, 16R4 


PAL-type devices 
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PAL-type devices 


16L8, 16R8, 16R6, 16R4 


PLQ16R8—5 Series 





FUNCTIONAL DESCRIPTIONS 

The PLQ16XxX series utilizes the familiar 
sum-of-products implementation consisting of 
a programmable AND array and a fixed OR 
array. These devices are capable of replacing 
an equivalent of four or more SSI/MSI 
integrated circuits to reduce package count 
and board area occupancy, consequently 
improving reliability and design cycle over 
Standard Cell or gate array options. By 
programming the security fuse, proprietary 
designs can be protected from duplication. 


The PLQ16XX series consists of four 
PAL-type devices. Depending on the 
particular device type, there are a variable 
number of combinatorial and registered 
outputs available to the designer. The 
PLQ16L8 is a combinatorial part with 8 user 
configurable outputs (6 bidirectional), while 
the other three devices, PLQ16R8, 
PLQ16R6, PLQ16R4, have respectively 8, 6, 
and 4 output registers. 


3-State Outputs 

The PLQ16XxX series devices also feature 
3-State output buffers on each output pin 
which can be programmed for individual 
control of all outputs. The registered outputs 
(Qn) are controlled by an external input 
(/OE), and the combinatorial outputs (On, Bn) 
use a product term to control the enable 
function. 


AND ARRAY - (I, B) 


[state] Cone ] 
[_wwacrwe? | 0 _| 


VIRGIN STATE 


A factory shipped virgin device contains all 
fusible links intact, such that: 
1. All Py, terms are disabled. 


2. All P, terms are active on all outputs. 





ABEL is a trademark of Data VO Com. 
CUPL is a trademark of Logical Devices, Inc. 
PALASM is a registered trademark of AMD Comp. 
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Programmable Bidirectional Pins 
The PLQ16XX products feature variable 
Input/Output ratios. In addition to 8 dedicated 
inputs, each combinatorial output pin of the 
registered devices can be individually 
programmed as an input or output. The 
PLQ16L8 provides 10 dedicated inputs and 6 
Bidirectional !/O lines that can be individually 
configured as inputs or outputs. 


Output Registers 

The PLQ16R8 has 8 output registers, the 
16R6 has 6, and the 16R4 has 4. Each 
output register is a D-type flip-flop which is 
loaded on the Low-to-High transition of the 
clock input. These output registers are 
capable of feeding the outputs of the 
registers back into the array to facilitate 
design of synchronous state machines. 


Power-up Reset 

By resetting all flip-flops to a logic Low, as the 
power is turned on, the PLQ16R8, R6, R4 
enhance state machine design and 
initialization capability. 


Register Preload 

Preload function allows the register to be 
loaded from the output pins. This feature 
allows functional testing of sequential 
patterns by loading output states. 


[stare [C00 ] 
eae arr ete 
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Power-up 3-State 
All outputs will be disabled when Vec is 


3.0V + 20% (25°C). This special feature 
keeps outputs 3-Stated during power-up. 
Only when Vcc reaches its normal operating 
range will device function normally. 


Software Support 

Like other Programmable Logic Devices from 
Signetics, the PLQ16XX series are supported 
by AMAZE, the PC-based software 
development tool from Signetics. The 
PLQ16XxX family of devices are also 
supported by. standard CAD tools for PAL 
devices, including ABEL and CUPL. 


AMAZE is available free of charge to qualified 
users, 


Logic Programming 

The PLQ16XxX series is fully supported by 
industry standard (JEDEC compatible) PLD 
CAD tools, including Signetics AMAZE, 
SLICE and SNAP design software packages. 
ABEL™ CUPL™ and PALASM@ $90 design 
software packages also support the 
PLQ16XX architecture. 


All packages allow Boolean and state 
equation entry formats. SNAP, ABEL and 
CUPL also accept, as input, schematic 
capture format. 


[pont cane | - | 
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PAL-type devices 
16L8, 16R8, 16R6, 16R4 


PLQ16R8—5 Series 





ORDERING INFORMATION 


DESCRIPTION ORDER CODE 


; PLQ16R8-5N 
20-Pin Plastic Dual-In-Line PLQ16R6-5N 
300mil-wide PLQ16R4—5N 


PLQ16L8-5N 


PLQ16R8-5A 
PLQ16R6-5A 
PLQ16R4—5A 


20-Pin Plastic Leaded Chip Carrier (PLCC) 
; PLQ16L8-5A 





NOTE: . 
The PLQ16XxX series of devices are also processed to military requirements for operation over the 
military temperature range. For specifications and ordering information, consult the Signetics Mili- 
tary Data Handbook. _ 


ABSOLUTE MAXIMUM RATINGS! 


RATINGS 
SYMBOL PARAMETER ; 


in awtearente 


NOTE: : 
1. Stresses above those listed may cause malfunction or permanent damage to the device. This 


is a stress rating only. Functional operation at these or any other condition above those 
indicated in the operational and programming specification of the device is not implied. 





OPERATING RANGES 


SYMBOL PARAMETER 


Supply voltage 





Operating free-air temperature 
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THERMAL RATINGS 









TEMPERATURE 
oe 


Allowable thermal rise ° 
ambient to junction 75°C 
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PAL-type devices : 
16L8, 16R8, 16R6, 16R4 PLQ16R8—5 Series 





DC ELECTRICAL CHARACTERISTICS 
O°C < Tam <= +75°C, 4.75V < Voc < 5.25V 


LIMITS 
SYMBOL _ PARAMETER TEST CONDITIONS | min | typ! | MAX | 


Input voltage? 
Vic Low Voc = MIN 0.8 V 
Vin High Vec = MAX 2.0 V 


Output voltage 
























Voc = MIN, Vin = Vin or Vic 
lot =24mA 
loy =—-3.2 mA 

















Veg = MAX 
Viy = 0.40V 
Vin =2.7V 

Vin = 5.5V, Voc = MAX 







Low? 
High? 


Maximum input current 





Output current 








Output leakage 





Output leakage 
Short circuit + § 


Se 


Capacitance® 


Cin Input 
1/0 (B) 
NOTES 
. All typical values are at Voc = 5V, Tamb = +25°C. 
. All voltage values are with respect to network ground terminal. 


3. Leakage current for bidirectional pins is the worst case of I), and Igz, or ty and Iozy. 
4. Test one ata time. 
5 
6 


















Voc = 5V 
Vout = 2.0V 
Vout = 2V, f= 1MHz 







. Duration of short circuit should not exceed 1 second. 
. These parameters are not 100% tested but periodically sampled. 
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16L8, 16R8, 16R6, 16R4 PLQ16R8-5 Series 





AC ELECTRICAL CHARACTERISTICS 
Ry = 2002, Rp = 390, 0°C < Tam < +75°C, 4.75V < Voc <5.25V 


Pulse Width 


Setup & Hold time 

Propagation delay 
a al 
ae 


tppr Power-Up Reset 
Frequency (16R8, R6, R4) . 
No feedback 1/ (tex, + toxy)® 

Internal feedback 1/ (tig + toxe)® 


External feedback 1/ (tig + toxo)® 


For definitions of the terms, please refer to the Timing/Frequency Definitions tables. 

NOTES: «. , 

1. CL =O0pF while measuring minimum output delays. 

2. tpp test conditions: C, = 50pF (with jig and scope capacitance), Vi = 3V, Vit = OV, Von = Vor = 1.5V. 

3. tcxe was calculated from measured Internal fyax. 

4. For 3-State output; output enable times are tested with C, = 50pF to the 1.5V level, and S, is open for high-impedance to High tests and closed 
for high-impedance to Low tests. Output disable times are tested with C, . 5pF. High-to-High impedance tests are made to an output voltage of 

Vz = (Vou — 0.5V) with S; open, and Low-to-High impedance tests are made to the Vy; = (Vo, + 0.5V) level with S, closed. 

Same function as toe; and top;, with the difference of using product term control. 

Not 100% tested, but calculated at initial characterization and at any time a modification in design takes place which may affect the frequency. 


LIMITS 






UNIT 












ti 





Oo 


g 
2 


Vect+ Q+ 


_ 


N 





6 


= 
x= 
N 











* 


On 
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PAL-type devices : 
16L8, 16R8, 16R6, 16R4 RP ClGheso sees 


TEST LOAD CIRCUIT 


INPUTS 


NOTE: 
Cy and Co are to bypass Voc to GND. 





OUTPUT REGISTER SKEW 


Qn 
(REGISTERED OUTPUT) 


Qn+1 
(REGISTERED OUTPUT) 





CLOCK TO FEEDBACK PATH 
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PAL-type devices 
16L8, 16R8, 16R6, 16R4 


TIMING DIAGRAMS": 2 


18 
(INPUTS) 
us 


1.5V 1.5V 


H tCKL 
tek! 


RK 


1.5V 


oa 


Flip-Flop Outputs 


Q 
(REGISTERED OUTPUTS) 


1.5V 


8 
(INPUTS) 
— tpp 


0,8 
(COMBINATORIAL 
OUTPUTS) 


1B 
(OUTPUT 
ENABLE) 


Gate Outputs 


ov 


<r VO 


Q 
(REGISTERED 1.5V 
OUTPUTS) 
VoL 


+3V 
1B 
(INPUTS) 
ov 


1.5V 


{KL 
tsstcx' 


Power-Up Reset 





NOTES: 
1. Input pulse amplitude is OV to 3V. 
2. Input rise and fall times are 2.0ns typical. 
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TIMING DEFINITIONS 


Required delay between 
beginning of valid input and 
positive transition of clock. 
























Required delay between 
positive transition of clock and 
end of valid input data. 






Delay between positive 
transition of clock and when 
internal @ output of flip-flop 
becomes valid. 


Delay between positive 
transition of clock and when 
outputs become valid (with 
OE Low). 


Delay between beginning of 
Output Enable Low and when 
outputs become valid. 










Delay between beginning of 
Output Enable High and when 
outputs are in the Off-State. 





Delay between predefined 
Output Enable High, and 

when combinational outputs 
become valid. 








Delay between predefined 
Output Enable Low and when 
combinational outputs are in 
the Off-State. 


Delay between Vcc (after 
power-on) and when flip-flop 
outputs become preset at “1” 
(internal Q outputs at “O”). 















Propagation delay between 
combinational inputs and 
outputs. 


Delay between each input 
change. 


FREQUENCY DEFINITIONS 


No feedback: Determined by 
the minimum clock period, 
(text + teKH). 

Internal feedback: 
Determined by the internal 
delay from flip-flop outputs 


through the internal feedback 
and array to the flip-flop 
inputs, 1/(tig + toxr). 

External feedback: 
Determined by clock-to-output 
delay and input setup time, 
Ti(tig + texo). 
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TIMING DIAGRAMS (Continued) 





REGISTERED 
OUTPUT 


tp = 100ns 


Output Register Preload 
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PAL-type devices | | 
16L8, 16R8, 16R6, 16R4 PLQ16R8-5 Series 





PROGRAMMING , 
The PLQ16XX Series are programmable on conventional programmers for 20-pin PAL® devices. Refer to the following charts for qualified 
manufacturers of programmers and software tools: 


PROGRAMMER MANUFACTURER PROGRAMMER MODEL FAMILY/PINOUT CODES 


DATA I/O CORPORATION SYSTEM 29B, LogicPak™ 303A—V04 


16L8—7/16L8D : 1B/17 
10525 WILLOWS ROAD, N.E. : 
P.O. BOX 97046 ADAPTER 303A-011A-V08 16R8-7/16R8D : 1B/24 


303A-011B-Vo4 '16R6-7/16RGD : 1B/24 
REDMOND, WASHINGTON 98073-9746 | UnisiTe 40/48, V2:3 (DIP) -16R4-7/16R4D : 18/24 


(800)247-5700 V2.5 (PLCC) 


MODEL 60, 60A/H, V.13 


STAG MICROSYSTEMS, INC. ; 
1600 WYATT DRIVE ZL30/30A PROGRAMMER 16L8-7/16L8D : 


SUITE 3 REV. 30A31 16R8-7/16R8D : 


16R6-7/16RED : 
PANEER CORON ey PPZ PROGRAMMER 16R4-7/16RAD : 


(408)988-1118 TBA 





SOFTWARE MANUFACTURER DEVELOPMENT SYSTEM 


SIGNETICS COMPANY 

811 EAST ARQUES AVENUE 

P.O. BOX 3409 

SUNNYVALE, CALIFORNIA 94088-3409 





















AMAZE SOFTWARE 
REV. 1.7 AND LATER 


(408)991-2000 






DATA I/O 
10525 WILLOWS ROAD, N.E. 

P.O. BOX 97046 

REDMOND, WASHINGTON 98073-9746 














ABEL™ SOFTWARE 
REV. 1.0 AND LATER 


(800)247-5700 






LOGICAL DEVICES, INC. 
1201 NORTHWEST 65TH PLACE 
FORT LAUDERDALE, FLORIDA 33309 









CUPL™ SOFTWARE 
REV. 1.01 AND LATER 





(800)331-7766 
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Document No. 
ECN No. 


FEATURES 
® Ultra high-speed 
-tpp = 7.5ns and fyax = 74MHz for 
the PLUS16R8-7 Series 
- tpp = 10ns and fyax = 60 MHz for 
the PLUS16R8D Series 
© 100% functionally and pin-for-pin 
compatible with industry standard 
20-pin PAL ICs 


© Power-up reset function to enhance — 
state machine design and testability 






Date of Issue 


© Design support provided via AMAZE 
and other CAD tools for Series 20 PAL 
devices 


@ Field-programmable on industry 
standard programmers 


© Security fuse 


®@ Individual 3-State control of all outputs 







PLQ16R8 







PLQ16R4 






PLUS16R8D/-7 Serie 


PAL®-type devices 


16L8, 16R8, 16R6, 16R4 


DESCRIPTION 

The Signetics PLUS16XX family 
consists of ultra high-speed 7.5ns and 
10ns versions of Series 20 PAL devices. 


The PLUS16XX family is 100% 
functional and pin-compatible with the 
16L8, 16R8, 16R6, and 16R4 Series 
devices. 


The sum of products (AND-OR) 
architecture is comprised of 64 
programmable AND gates and 8 fixed 
OR gates. Multiple bidirectional pins 
provide variable input/output pin ratios. 
Individual 3-State control of all outputs 
and registers with feedback (R8, R6, 

R4) is also provided. Proprietary designs 
can be protected by programming the 
security fuse. 


The PLUS16R8, R6, and R4 have 
D-type flip-flops which are loaded on the 
Low-to-High transition of the clock input. 


In order to facilitate state machine 
design and testing, a power-up reset 


DEVICE NUMBER DEDICATED COMBINATORIAL 
INPUTS OUTPUTS 
Pua a 


®PAL is a registered trademark of Monolithic Memories, Inc., a wholly owned subsidiary of Advanced Micro Devices, Inc. 
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function has been incorporated into 
these devices to reset all internal 
registers to Active-Low after a specific 
period of time. 


The Signetics State-of-the-Art oxide 
isolation Bipolar fabrication process is 
employed to achieve high-performance 
operation. 


The PLUS16XX family of devices are 
field programmable, enabling the user to 
quickly generate custom patterns using 
standard programming equipment. See 
the programmer chart for qualified 
programmers. 


The AMAZE software package from 
Signetics supports easy design entry for 
the PLUS16XxX series as well as other 
PLD devices from Signetics. The 
PLUS16XX series are also supported by 
other standard CAD tools for PAL-type 
devices. 


Order codes are listed in the Ordering 
Information table. 





REGISTERED 
OUTPUTS 
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PAL-type devices 
16L8, 16R8, 16R6, 16R4 


PIN CONFIGURATIONS 
PLUS16L8 


PLUS16R8 


elleallles 


al|leal[l 


lel 


HEnGHaE 
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ly Io CLK Vco Q7 


=~ 
OR OUTPUTS 
ARRAY 

19] [32] 
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Ig ma : 
oe | 
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Ig GND Ig Op By 


DESCRIPTION 

Dedicated Input 

Dedicated combinatorial Output 
Registered output 

Bidirectional (input/output) 
Clock input 

Output Enable 

Supply Voltage 

Ground 


SYMBOL DESCRIPTION 
Dedicated Input 
Dedicated combinatorial Output 
Registered output 
Bidirectional (input/output) 
Clock input 
Output Enable 
Supply Voltage 
Ground 
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PAL-type devices 


16L8, 16R8, 16R6, 16R4 





PIN CONFIGURATIONS 
PLUS16R6 


ia 
Pep 


Es 
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mas 


Tae 


J 


ie 
ig 


PLUS16R6 


lo CLK Vcc B7 


lz GND DE Bo Q; 


DESCRIPTION 
Dedicated Input 


Dedicated combinatorial Output 


Registered output 
Bidirectional (input/output) 
Clock input 

Output Enable 

Supply Voltage 

Ground 


dune 14, 1990 


PLUS16R4 


PLUS16R4 
fo CLK Voc a 
EEE 
(anaes 
D 
Le 


AN 
an OUTPUTS 


SYMBOL 


"7 ee a a 


DESCRIPTION 

Dedicated Input 

Dedicated combinatorial Output 
Registered output 

Bidirectional (input/output) 
Clock input 

Output Enable 

Supply Voltage 

Ground 
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INPUTS (0-31) 


NOTES: 


1, All unprogrammed or virgin "AND" gate locations are pulled to logic *O*. 


2. 





= Programmable connections. 
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PLUS16R8 





INPUTS (0-31) 


logic “0”. 
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== Programmable connections. 
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. All unprogrammed or virgin "AND" gate locations are pulled to 


NOTES: 
1 
2. 





LOGIC DIAGRAM 
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PLUS16R8D/-7 Series 


16L8, 16R8, 16R6, 16R4 
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. All unprogrammed or virgin “AND" gate locations are pulled to logic "0". 


NOTES: 
1 
2. 
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PLUS16R8D/—7 Series 


16L8, 16R8, 16R6, 16R4 


-PLUS16R4 


LOGIC DIAGRAM 
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INPUTS (0-31) 


NOTES: 


. All unprogrammed or virgin "AND" gate locations are pulled to logic "0*. 
«.¢ Programmable connections. 


1 
2. 
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PAL-type devices 


16L8, 16R8, 16R6, 16R4 


PLUS16R8D/—7 Series 





FUNCTIONAL DESCRIPTIONS 

The PLUS 16XX series utilizes the familiar 
sum-of-products implementation consisting of 
a programmable AND array and a fixed OR 
array. These devices are capable of replacing 
an equivalent of four or more SSI/MSI 
integrated circuits to reduce package count 
and board area occupancy, consequently 
improving reliability and design cycle over 
Standard Cell or gate array options. By 
programming the security fuse, proprietary 
designs can be protected from duplication. 


The PLUS16XX series consists of four 
PAL-type devices. Depending on the 
particular device type, there are a variable 
number of combinatorial and registered 
outputs available to the designer. The 
PLUS16L8 is a combinatorial part with 8 user 
configurable outputs (6 bidirectional), while 
the other three devices, PLUS 16R8, 
PLUS16R6, PLUS16R4, have respectively 8, 
6, and 4 output registers. 


3-State Outputs 

The PLUS16XX series devices also feature 
3-State output buffers on each output pin 
which can be programmed for individual 
control of all outputs. The registered outputs 


AND ARRAY - (I, B) 


[SATE ee | 
iwacrives? [0 


VIRGIN STATE 


A factory shipped virgin device contains all 
fusible links intact, such that: 
1. All outputs are at “H” polarity. 


2. All P, terms are disabled. 


3. AllP, terms are active on all outputs. 





ABEL is a trademark of Data VO Corp. 
CUPL is a trademark of Logical Devices, Inc. 
PALASM is a registered trademark of AMD Corp. 
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(Qn) are controlled by an external input 
(/OE), and the combinatorial outputs (On, Bn) 
use a product term to control the enable 
function. 


Programmable Bidirectional Pins 
The PLUS16XX products feature variable 
Input/Output ratios. In addition to 8 dedicated 
inputs, each combinatorial output pin of the 
registered devices can be individually 
programmed as an input or output. The 
PLUS16L8 provides 10 dedicated inputs and 
6 Bidirectional I/O lines that can be 
individually configured as inputs or outputs. 


Output Registers 

The PLUS16R8 has 8 output registers, the 
16R6 has 6, and the 16R4 has 4. Each 
output register is a D-type flip-flop which is 
loaded on the Low-to-High transition of the 
clock input. These output registers are 
capable of feeding the outputs of the ° 
registers back into the array to facilitate 
design of synchronous state machines. 


Power-up Reset 
By resetting all flip-flops to a logic Low, as the 
power is turned on, the PLUS16R8, R6, R4 


ca eee al 





enhance state machine design and 
initialization capability. . 


Software Support 

Like other Programmable Logic Devices from 
Signetics, the PLUS16XX series are 
supported by AMAZE, the PC-based software 
development tool from Signetics. The 
PLUS16XX family of devices are also 
supported by standard CAD tools for PAL 
devices, including ABEL and CUPL. 


AMAZE is available free of charge to qualified 
users. 


Logic Programming 

The PLUS16XxX series is fully supported by 
industry standard (JEDEC compatible) PLD 
CAD tools, including Signetics AMAZE, 
SLICE and SNAP design software packages. 
ABEL™ CUPL™ and PALASM® 90 design 
software packages also support the 
PLUS16XX architecture. 


All packages allow Boolean and state 
equation entry formats. SNAP, ABEL and 
CUPL also accept, as input, schematic 
capture format. 


PD 


[pont cane | — | 
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PAL-type devices. = : 
16L8, 16R8, 16R6, 16R4 PLUS16R8D/-7 Series 





ORDERING INFORMATION THERMAL RATINGS 


. DESCRIPTION ORDER CODE TEMPERATURE , 
PLUS16R8DN Maximum junction 


PLUS16R6DN Maximum ambient 


PLUS16R4DN 
Allowable thermal rise 
ambient to junction 75°C 







20-Pin Plastic Dual-In-Line PLUS16L8DN 

300mil-wide PLUS16R8-7N 
PLUS16R6-7N 
PLUS16R4—7N 
PLUS16L8-7N 


PLUS16R8DA 
PLUS16R6DA 
PLUS16R4DA 
PLUS16L8DA 
PLUS16R8-7A 
PLUS16R6-7A 
PLUS16R4-7A 
PLUS16L8-7A 






20-Pin Plastic Leaded Chip Carrier (PLCC) 





NOTE: 

The PLUS16XxX series of devices are also processed to military requirements for operation over 
the military temperature range. For specifications and ordering information, consult the Signetics 
Military Data Book. 


ABSOLUTE MAXIMUM RATINGS! 


RATINGS 
SYMBOL PARAMETER | MIN. | MAX | UNIT 
as [7 


ve 
vn | putvatags iY te |e oe 
a 
esr | Ovputcorons «dtm 


NOTE: 

1, Stresses above those listed may cause malfunction or permanent damage to the device. This 
is a stress rating only. Functional operation at these or any other condition above those 
indicated in the operational and programming specification of the device is not implied. 


















OPERATING RANGES 


RATINGS 
| Tae | Oretaingtoo-arvenperaure | 0 | ws | 0 










Tamb 
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PAL-type devices 6 : 
16L8, 16R8, 16R6, 16R4 PLUS16R8D/-7 Series 


DC ELECTRICAL CHARACTERISTICS 
O°C < Tam < +75°C, 4.75 < Voc < 5.25V 


LIMITS 
SYMBOL PARAMETER TEST CONDITIONS | MIN | Typ! | MAX | — UNIT 


Input voltage? 


Vi Low . 
Vin High 
Vic Clamp 


Output voltage 















Voc = MIN 
Voc = MAX 
Voc = MIN, Iw = -18mA 













Voc = MIN, Vin = Vin or Vit 
lo, = 24mA 










Voc = MAX 
Vin = 0.40V 
Vin = 2.7V 






Low? 
High? 


Maximum input current 












Vin = Voc = Vocmax 









Output current 









loz Output leakage 


- Output eenene 


~100 


fe seme pT aie a ee 























Capacitance® 

Cn Input Voc = 5V 

Cg VO (B) Vout = 2V, f = 1MHz 8 pF 
NOTES: 


1. All typical values are at Voc = 5V, Tab = +25°C. 

2. All voltage values are with respect to network ground terminal. 

3. Leakage current for bidirectional pins is the worst case of Ij, and lozz or Iyy and Iozp. 
4. Test one ata time. 

5. Duration of short circuit should not exceed 1 second. 

6. These parameters are not 100% tested but periodically sampled. 
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PAL-type devices ae : 
16L8, 16R8, 16R6, 16R4 PLUS16R8D/ 7 Series 





AC ELECTRICAL CHARACTERISTICS 
Ry = 200, Ry = 3902, 0°C < Tam < +75°C, 4.75 < Veco <5.25V 


SYMBOL PARAMETER TO aE: ee ieee UNIT 
| mint | typ | max] mint | MAX | 


aiewae SOSCSCSC“CSsSSC‘“S;S*SCSCSCSCSC“(#NNNNNNWNNY 
Veo | Goce st mT me dT |] dT dT] Ud | 
Pese | Gocktow st oe md || Pd 
Pow | Poe Sit me fm CT] dP Ud Ud | 


Setup & Hold time 
Input or 
input or 


om [ @ [=|] |[s[e[=[m=_| 
wo | a | | [=| [ss |= | 
[owe [es [pes [as fo] | 
Foupuersse| a | fe [2 |o |] =| 
Fouputerase| a {| fo |= | o | =| 
Foupunssane | a _| 
Founuedsate | | 
eel 

a 


tis 


tix 


Propagation delay 

tcexo Clock 

toKF Clock? 

tep Output (16L8, R6, R4)2 
toe1 Output enable 


Output enable 


Output disable* 


Output disable4.5 
tskw 
tppr Power-Up Reset 
Frequency (16R8, R6, R4) 

No feedback 1/ (tex, + toxn)® 


fax Internal feedback 1/ (tig + toxe)® Pea al 


Voect Q+ 


External feedback 1/ (tis + texo)® 


For definitions of the terms, please refer to the Timing/Frequency Definitions tables. 

NOTES: , , 

1. CL =0pF while measuring minimum output delays. 

2. tpp test conditions: CL = 50pF (with jig and scope capacitance), Viy = 3V, Vit = OV, Vou = Vor = 1.5V. 

3. toxe was calculated from measured Internal fyyax. 

4. For3-State output; output enable times are tested with C_ = 50pF to the 1.5V level, and S, is open for high-impedance to High tests and closed 
for high-impedance to Low tests. Output disable times are tested with C, . 5pF. High-to-High impedance tests are made to an output voltage of 
Vz = (Von — 0.5V) with S, open, and Low-to-High impedance tests are made to the Vy = (Vo, + 0.5V) level with S, closed. 

Same function as tog, and top}, with the difference of using product term control. 

6. Not 100% tested, but calculated at initial characterization and at any time a modification in design takes place which may affect the frequency. 


74 
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PAL-type devices = s 
16L8, 16R8, 16R6, 16R4 PLUS16R8D/-7 Series 





TEST LOAD CIRCUIT 


NOTE: 
Cy and C2 are to bypass Voc to GND. 





OUTPUT REGISTER SKEW 


Qn 
(REGISTERED OUTPUT) 


One 
(REGISTERED OUTPUT) 





CLOCK TO FEEDBACK PATH . 
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PAL-type devices Bo 
16L8, 16R8, 16R6, 16R4 PLUS16R8D/—7 Series 


TIMING DIAGRAMS" 2 TIMING DEFINITIONS 


SYMBOL | PARAMETER 
Width of input clock pulse. 
Interval between clock pulses. 


8 


4H 4s 
Clock period. 
Required delay between 
beginning of valid input and 
positive transition of clock. 


1.5V 1.5V 


4s {CKH teKL 
ree 
Q XQ QV Ay Required delay between 
(REGISTERED OUTPUTS) OX YS yee HS positive transition of clock and 
tcKo 


end of valid input data. 


Delay between positive 
transition of clock and when 
internal Q output of flip-flop 
becomes valid. 


1.5V 


be 


Flip-Flop Outputs 


Delay between positive 
transition of clock and when 
'cko outputs become valid (with 
OE Low). 
LB Delay between beginning of 
(INPUTS) Output Enable Low and when 
outputs become valid. 
Delay between beginning of 
topt Output Enable High and when 


0, B : 
(COMBINATORIAL outputs are in the Off-State. 


OUTPUTS) 
Delay between predefined 
Output Enable High, and 
when combinational outputs 
become valid. 


LB 
(OUTPUT 
ENABLE) 


Delay between predefined 
Output Enable Low and when 
combinational outputs are in 
the Off-State. 


Delay between Vcc (after 
power-on) and when flip-flop 
outputs become preset at “1” 
(internal Q outputs at “O"). 


Gate Outputs 


Propagation delay between 
combinational inputs and 
outputs. 





(REGISTERED 


OUTPUTS) FREQUENCY DEFINITIONS 


No feedback: Determined by 
the minimum clock period, 
(text + tex). 

Internal feedback: 
Determined by the internal 
delay from flip-flop outputs 


1,8 
(INPUTS) 


through the internal feedback 
and array to the flip-flop 
inputs, 1/(tig + tex). 

External feedback: 
Determined by clock-to-output 
delay and input setup time, 
W/(ts + texo). 


tCKL 
§satcK 


Power-Up Reset 





NOTES: 
1. Input pulse amplitude is OV to 3V. 
2. Input rise and fall times are 2.5ns. 
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PAL-type devices Z : 
16L8, 16R8, 16R6, 16R4 PLUS16R8D/—7 Series 





PROGRAMMING - 
The PLUS16XX Series are seach tac on conventional! programmers for 20-pin PAL® devices. Refer to the folowing charts for qualified 
manufacturers of programmers and software tools: 


PROGRAMMER MANUFACTURER PROGRAMMER MODEL FAMILY/PINOUT CODES 


DATA VO CORPORATION SYSTEM 29B, LogicPak™ 303A-V04 


16L8—-7/16L8D : 1B/17 
10525 WILLOWS ROAD, N.E. : 
PO. BOX 97046 ADAPTER 303A-011A-VO08 16R8-7/16R8D : 1B/24 


303A-011B-VO04 | 16R6-7/16R6D : 18/24 
REBMONO, SVESHING TON SBOTS=2795"- |) UNIGITE 40/48, V2.9 (DIP) 16R4-7/16RAD : 18/24 


: V2.5 (PLCC) 
(800)247-5700. MODEL 60, 60A/H, V.15.0 


STAG MICROSYSTEMS, INC. - : 
1600 WYATT DRIVE ZL30/30A PROGRAMMER 16L8—7/16L8D : 


SUITE 3 REV. 30A31 (DIP) 16R8—7/16R8D : 


| REV. 304001 (PLCC) 16R6-7/16RED : 
PENA RE cE SrCanin cos PPZ PROGRAMMER 16R4—7/16RAD : 


(408)988-1118 | TBA 


SOFTWARE MANUFACTURER DEVELOPMENT SYSTEM 


SIGNETICS COMPANY 7 SNAP 
811 EAST ARQUES AVENUE ‘ REV 1.6 AND LATER 
P.O. BOX 3409 
SUNNYVALE, CALIFORNIA 94088-3409 SLICE 
REV 1.0 AND LATER 


(408)99 12000 
AMAZE SOFTWARE 
REV. 1.7 AND LATER 


DATA I/O 

10525 WILLOWS ROAD, N.E. 

P.O. BOX 97046 ABEL™ SOFTWARE 
REDMOND, WASHINGTON 98073-9746. REV. 1.0 AND LATER 


(800)247—5700 


LOGICAL DEVICES, INC. 

1201 NORTHWEST 65TH PLACE 

FORT LAUDERDALE, FLORIDA 33309 CUPL™ SOFTWARE 
REV. 1.01 AND LATER 

(800)331~7766 
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PAL-type devices Z : 
16L8, 16R8, 16R6, 16R4 PLUS16R8D/—7 Series 


SNAP RESOURCE SUMMARY DESIGNATIONS 


=DINPAL?: 


SDINPALT: 


PLUS16L8 


= NOEPALTZ? 


PLUS16R8 
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PAL-type devices | es ; 
16L8, 16R8, 16R6, 16R4 -PLUS16R8D/ 7 Series 


SNAP RESOURCE SUMMARY DESIGNATIONS (Continued) 


=NOUTPAL?Z: 


PLUS16R6 


swourpauy 


Bo, B1, B6, B7 


PLUS16R4 
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DESCRIPTION 

The PHD16N8-5 is an ultra fast 
Programmable High-speed Decoder 
featuring a S5ns maximum propagation 
delay. The architecture has been 
optimized using Philips Components- 
Signetics state-of-the-art bipolar oxide 
isolation process coupled with 
titanium-tungsten fuses to achieve 
superior speed in any design. 


The PHD16NB-5 is a single level logic 
element comprised of 10 fixed inputs, 8 
AND gates, and 8 outputs of which 6 are 
bidirectional. This gives the device the 
ability to have as many as 16 inputs. 
Individual 3-State control of all outputs is 
also provided. 





Date of Issue 









The device is field-programmable, 
enabling the user to quickly generate 
custom patte‘ns using standard 
programming equipment. Proprietary 
designs can be protected by 
programming the security fuse. 


The AMAZE software package from 
Philips Components-Signetics supports 
easy design entry for the PHD16N8-5 as 
well as other PLD devices. 


Order codes are listed in the pages 
following. 


PHD16N8-5 
Programmable high-speed 
decoder logic (16 x 16 x 8) 


PIN CONFIGURATIONS 
N Package 


FEATURES 
®@ Ideal for high speed system decoding 


© Super high speed at 5ns tpp 
© 10 dedicated inputs 
® 8 outputs 


—~ 6 bidirectional! I/O 
— 2 dedicated outputs 


® Security fuse to prevent duplication of 
proprietary designs. 


® Individual 3-State control of all outputs 


© Field-programmable on industry 
standard programmers 


@ Available in 20-pin Plastic DIP and 


20-Pin PLCC N = Plastic DIP (300mil-wide) 


A Package 


Voc 97 


APPLICATIONS 

© High speed memory decoders Ip lt ty 
© High speed code detectors 
@ Random logic 

® Peripheral selectors 

© Machine state decoders 

© Footprint compatible to 16L8 


© Fuse/Footprint compatible to TIBPAD Ig GND lg Og By 





A = Plastic Leaded Chip Carrier 
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PHD16N8—5 


Programmable high-speed decoder logic 


(16 x 16 x 8) 


Philips Components—Signetics Programmable Logic Devices 


LOGIC DIAGRAM 





ete ah es se 


eee Pere 


[ee 





pulled to logic “0” 


1. All unprogrammed or virgin “AND” gate locations are 
Programmable connections 


NOTES: 
2. He 
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Programmable high-speed decoder logic PHD16N8—5 
(16 x 16 x 8) 





FUNCTIONAL DIAGRAM 





ORDERING INFORMATION THERMAL RATINGS 


DESCRIPTION ORDER CODE TEMPERATURE 
20-Pin Plastic Dual In Line Package; (300mil-wide) PHD16N8-SN 150°C 
20-Pin Plastic Leaded Chip Carrier; (350mil square) PHD16N8-5A 


Allowable thermal rise : 
ambient to junction 




































ABSOLUTE MAXIMUM RATINGS? 


SYMBOL PARAMETER 


in 

vec | Sweaivaine ——SSSCidt Cs | 
a 
Eu 
Eel 










RATINGS 


Voc 
Voc 
Voc 
mA 
mh 
°C 
°C 


Storage temperature range | +150 | cc | 
NOTES: 


1. Stresses above those listed may cause malfunction or permanent damage to the device. This 
is a stress rating only. Functional operation at these or any other condition above those indi- 
cated in the operational and programming specification of the device is not implied. 


+7 
Tamb Operating temperature range 75 





OPERATING RANGES 


RATINGS 
SYMBOL | PARAMETER | Min | Max | UNIT 
Vv 
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Programmable high-speed decoder logic PHD16N8—5 
(16 x 16 x 8) | 





DC ELECTRICAL CHARACTERISTICS 
0°C < Tamb 5 +75°C, 4.75 < Voc < 5.25V : 


LIMITS 
SYMBOL PARAMETER TEST CONDITIONS | MIN | Typ? | MAX | UNIT 


Input voltage? 


Vit Low Voc = MIN V 
Vin High Voc = MAX Vv 
Vic Clamp Voc = MIN, bin =—-18mA -0.8 Vv 


Output voltage 


Voc = MIN, Vin = Vin or Vit 
Vou Low lot = +24mA Vv 
Vou High lon = -3.2mA Vv 
Voc = MAX 
Ie Low Vin = +0.40V c 
hy High Vin =+2.7V 
\, High Vin = Voc = Voc MAX a 


Output current 


Voc = MAX 
lozH Output leakage? Vout = +2.7V 100 
ae Output leakage Vout = +0.40V = = 
Short circuit* Vout = OV 


(eo [sewweme ewe ee 


Capacitance® 


> Voc = +5V , 
Input Vin = 2.0V @ f = 1MHz 8 pF. 
\/O (B) , Vout = 2.0V @ f = 1MHz 8 pF 


1. Typical limits are at Voc = 5.0V and Tamp = +25°C. 

2. These are absolute values with respect to device ground and all overshoots due to system or tester noise are included. 
3. Leakage current for bidirectional pins is the worst case of I, and Ioz, or Ih and Iozy. 
4 
5 


















































. Not more than one output should be tested at a time. Duration of the short circuit should not be more than one second. 
. These parameters are not 100% tested, but are periodically sampled. 
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Programmable high-speed decoder logic PHD16N8—5 
(16 x 16 x 8) : 


AC ELECTRICAL CHARACTERISTICS 
0°C < Tam < +75°C, 4.75 < Voc < 5.25V, Rj = 2000, Ry = 3902 


TEST LIMITS 
SYMBOL PARAMETER TO CONDITIONS UNIT 


aw [| 
a a 
ee a 
oes ere 













top! ; 
tog? Output Enable (I, B)+ Output enable 
| too? | Output Disable (I, B) + Input disable C, = SpF 


NOTES: 

1. tpp is tested with switch S, closed and C, = 50pF. 

2. For 3-State output; output enable times are tested with C_ = 50pF to the 1.5V level, and S, is open for high-impedance to High tests and 
closed for high-impedance to Low tests. Output disable times are tested with C, . SpF. High-to-High impedance tests are made to an output 
voltage of Vr = (Voy — 0.5V) with S; open, and Low-to-High impedance tests are made to the V7 = (Vo, + 0.5V) level with S; closed. 





VIRGIN STATE 
A factory shipped virgin device contains all 
fusible links open, such that: 


1. All outputs are disabled. 
2. All p-terms are disabled in the AND array. 


TIMING DEFINITIONS 


SYMBOL PARAMETER 


Input to output propagation 
ho . | delay. 

Input to Output Disable 

(3-State) delay (Output 

Disable). 

Input to Output Enable 

delay (Output Enable). 


TIMING DIAGRAM 


2 
Ml 
5 
rt] 
a 
z 
2 
< 
< 
a 
9 
« 
a 







TEST CONDITIONS: Tamp = 75°C; 
Voc = 4.75V; Cl = 50pF; 
Ry = 2009; Ro = 3902 








Worst-Case Propagation Delay vs. 
Number of Outputs Switching 





INPUTS, VO 


ourruns: YER RY 


XXXAXXXA) 


WAVEFORM INPUTS OUTPUTS WAVEFORM INPUTS OUTPUTS 


Musrae ute oe Ae 
STEADY STEADY 
PERMITTED UNKNOWN 


CENTER 
DOES NOT LINE IS HIGH 
APPLY IMPEDANCE 

“OFF” STATE 
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Programmable high-speed decoder logic  ._— PHD16N8—5 
(16 x 16 x 8) 





AC TEST LOAD CIRCUIT VOLTAGE WAVEFORMS 





MEASUREMENTS: 

All circuit delays are measured at the +1.5V level of 
inputs and outputs, unless otherwise specified. 
NOTE: 


C1 and Co are to bypass Voc to GND. 





Input Pulses 


LOGIC PROGRAMMING All packages allow Boolean and state supported by AMAZE and SLICE only. Both 
The PHD16N8-5 is fully supported by equation entry formats. SNAP, ABEL and AMAZE and SLICE design packages are 
industry standard (JEDEC compatible) PLD CUPL also accept, as input, schematic available, free of charge, to qualified users. 
CAD tools, including Signetics’ AMAZE, capture format. To implement the desired logic functions, 
SUGE ond Sane design software packages. — p11) 16NB-5 logic designs can also be each logic variable (I, B, P and D) from the 
ABEL™ CUPL™ and PALASM® 90 design generated using the program table entry -—_—ilogic equations is assigned a symbol. TRUE 
software packages also support the format, which is detailed on the following (High), COMPLEMENT (Low), DON'T CARE 
PHD16N8-S architecture. page. This program table entry format is and INACTIVE symbols are defined below. 


“AND” ARRAY - (I, B) 


D RD 


[cove] | [state] cove] 
[powrcane | - | 


NOTE: 
1. This is the initial state. 





ABEL is a trademark of Data VO Corp. 
CUPL is a trademark of Logical Devices, Inc. 
PALASM is a registered trademark of AMD Corp. 
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Programmable high-speed decoder logic 
(16 x 16 x 8) 


PROGRAM TABLE 


PP PETE PELL Pi 


zum 


OR (FIXED) 
ACTIVE OUTPUT 


INACTIVE 


DON'T CARE 


VARIABLE 7 
NAME 


1. The PHD16N8- 5 is shipped with all links intact. 


3. All p—terms are inactive until programmed otherwise. 


a 

= 

xs 

>< 

fod 

u. 

o 
— 
c 
< 
a 
Wu 
7 
_ 
9° 
a 
= 
> 
” 
oc 
Ww 
S 
Ee 
no 
2 
oO 


TOTAL NUMBER OF PARTS___ 
RE 


CUSTOMER NAME 
PURCHASE ORDER # 
SIGNETICS DEVICE 
PROGRAM TABLE # 
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PHD16N8—5 


OUTPUTS (B, 0) 


Py 

© 
RRR 
NNEE 
NN 

NS 


\INAAIAAIANIAANIANINAN 2 
Se 


oe 
GI 
VAVAVAVAVAVAVAEN 
ee eae ae 


2. Unused | and B bits in the AND array exist as INACTIVE in the virgin state. 


4. Data cannot be entered into the OR array field due to the fixed nature of the device architecture. 
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Programmable high-speed decoder logic So . PHD16N8—5 
(16 x 16 x 8) . 





DECODING 1/2 MEG STATIC MEMORY 





ZNOUTPALT: 


= NOUTPAL?: 
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DESCRIPTION 

The PLHS18P8A and the PLHS18P8B 
are two-level logic elements consisting 
of 72 AND gates and 8 OR gates with 
fusible connections for programming 1/O 
polarity and direction. 


All AND gates are linked to 10 inputs (I) 
and 8 bidirectional 1/O lines (B). These 
yield variable 1/O gate configurations via 
8 direction control gates, ranging from 
18 inputs to 8 outputs. 








Date of Issue 


On-chip T/C buffers couple either True 
(t, B) or Complement (1, B) input 
polarities to all AND gates. The 72 AND 
gates are separated into 8 groups of 9 
each. Each group of 9 is associated with 
one bidirectional pin. In each group, 
eight of the AND terms are ORed 
together, while the ninth is used to 
establish I/O direction. All outputs are 
individually programmable via an 
Ex—OR gate to allow implementation of 
AND/OR or NAND/NOR logic functions. 


In the virgin state, the AND array fuses 
are back-to-back CB-EB diode pairs 
which will act as open connections. 
Current is avalanched across individual 
diode pairs during fusing, which 
essentially short circuits the EB diode 
and provides the connection for the 
associated product term. 


The PLHS18P8A/B is field- 
programmable, allowing the user to 
quickly generate custom patterns using 
standard programming equipment. 


Order codes are listed in the Ordering 
Information Table. 


PLHS18P8A/B 
PAL®-type devices 


FEATURES 


© “A” version 100% functionally 
compatible with AMPAL18P8A and all 
16L8, 16P8, 16H8, 16L2, 16H2, 1414, 
14H4, 12L6, 12H6, 10L8, 10H8, 
16LD8 and 16HD8 “A” speed 
PAL-type products 


@ “B” version 100% functionally 
compatible with AmPAL18P8B and all 
16L8, 16P8, 16H8, 16L2, 16H2, 14L4, 
14H4, 12L6, 12H6, 10L8, 10H8, 
16LD8 and 16HD8 “B” speed 
PAL-type products 


© Field-programmable 
@ 10 inputs 
© 8 bidirectional /O lines 
@ 72 AND gates/product terms 
— configured into eight groups of nine 


®@ Programmable output polarity (3-State 
output) 


© 1/0 propagation delay: 
— PLHS18P8A: 20ns (max) 
~ PLHS18P8B: 15ns (max) 


© Power dissipation: 500mW (typ) 
© TTL compatible 


© Security fuse 


@PAL is a registered trademark of Monolithic Memories, Inc., a wholly owned subsidiary of Advanced Micro Devices, Inc. 


83 


PIN CONFIGURATIONS 
N Package 


N = Plastic DIP (300mil-wide) 


A Package 


2 |y Io Voc B7 


Ig GND Ig Bo By 
A = Plastic Leaded Chip Carrier 





APPLICATIONS 


® 100% functional replacement for all 
20-pin combinatorial PAL devices 


@ Random logic 

© Code converters 

© Fault detectors 

© Function generators 
@ Address mapping 

® Multiplexing 


Product Specification 
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PLHS18P8A/B 


PAL-type devices 


INPUTS (0-35) 





3 8 3 a| | q 
© 


is] [=| 
a 


= 





fo 


. All unprogrammed or virgin “AND” gate locations are pulled to logic “1”. 
‘<> Programmable connections. 


1 
2. 


(12-0) SWY3L LONGO 


LOGIC DIAGRAM 
I3 4 | 
NOTES: 
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FUNCTIONAL DIAGRAM 


LOGIC TERMS 


ores ste ee 














ORDERING INFORMATION 


DESCRIPTION ORDER CODE 
20-Pin Plastic Dual In—Line (300mil-wide) PLHS18P8AN, PLHS18P8BN 
20-Pin Plastic Leaded Chip Carrier PLHS18P8AA, PLHS18P8BA 
ABSOLUTE MAXIMUM RATINGS? 


SYMBOL PARAMETER RATINGS 
Input voltage -0.5 to +5.5 
amb 



























Output current (programming) 
Operating temperature range 
ee 
NOTES: 


1. Stresses above those listed may cause malfunction or permanent damage to the device. This 
is a stress rating only. Functional operation at these or any other condition above those 
indicated in the operational and programming specification of the device is not implied. 


Output voltage (programming) 
°c 





Storage temperature range . 
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DC ELECTRICAL CHARACTERISTICS 
0°C < Tam < +75°C, 4.75 < Voc < §.25V 


SYMBOL . PARAMETER 


ne — 






LIMITS 
PLHS18P8A PLHS18P8B UNIT 


pwn [ typ | max | min _[ Tver | max | 
+0.8 +0.8 Vv 
nie +2.0 +2.0 Vv 
Clamp 0.9 } -1.2 0.9 -1.2 Vv 
ee voltage 


_ Voc = MIN, Vin = Vin or Vic , 
Vou Low lol = +24mA +0.50 +0,.50 Vv 
Vou High lon = -3.2mMA +2.4 +3.5 +2.4 43.5 Vv 
Voc = MAX 
lit Low Vin = +0.40V —100 -100 pA 
liu High Vin =+2.7V +25 +25 pA 
\ High Vin = 45.5V +1.0 +1.0 | mA 





TEST CONDITIONS 
















Voc = MIN 
Veco = MAX 
Veco = MIN, lin =-18MA 












































Voc = +5V 
Vin = 2.0V @ f = 1MHz 
Vout = 2.0V @ f = 1MHz 
WE: 
Not more than one output should be tested at a time. Duration of the short circuit should not be more than one second. Vout = 0.5V has 


Output current 
Veco = MAX, Vir = 0.8V, Vip = 2.0V 
lozH Output leakage Vout = +2.7V +100 +100 
= Output leakage Vour = +0.40V — oe 
Short circuit $ Vout = +0.5V ie 
eer 
Input pF 
oe vo pF 
Typical limits are at Vcc = 5.0V and Tamp = +25°C. 
These are absolute values with respect to device ground and all overshoots due to system or tester noise are included. 
been chosen to avoid test problems caused by tester ground degradation. 
These parameters are not 100% tested, but are periodically sampled. 


- On 
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AC ELECTRICAL CHARACTERISTICS 


O°C < Tanb < +75°C, 4.75 < Voc < 5.25V, Ry = 2002, Ro = 3902 
TEST PLHS18P8A PLHS18P8B UNIT 


SYMBOL PARAMETER FROM TO 
CONDITIONS TYP 


Pan ve [wa 
[ Pepagaionsoty | ovate | rou | coor | [ula] [e|s| = | 
[ouputenatio? | ouput | hours | ci-sor | | [a] [e|s| «| 
[oupuraabie® [ouput | wwe | ci-eor | [«[o{ pels] - 
NOTES: 


1. Typical limits are at Voc = 5.0V and Tam = +25°C. 

2. tpp is tested with switch S; closed and C, = 50pF. 

3. For 3-State output; output enable times are tested with C, = 50pF to the 1.5V level, and S; is open for high-impedance to High tests and 
closed for high-impedance to Low tests. Output disable times are tested with C, . 5pF. High-to-High impedance tests are made to an output 
voltage of Vr = (Voy — 0.5V) with S; open, and Low-to-High impedance tests are made to the V7 = (Vo, + 0.5V) level with S, closed. 





LIMITS 























tep 
tea 
ter 








VIRGIN STATE TIMING DEFINITIONS 
A factory shipped virgin device contains all [PARAMETER | 
fusible links open, such that: Syme PARAMETER 


1. All outputs are at “H” polarity. era Input to output propagation 
delay. 
2. All outputs are enabled. s 
ter 


Input to output disable 
3. All p-terms are enabled. (3 State) ay (Output 
Disable). 


tea Input to Output Enable 
delay (Output Enable). 





TIMING DIAGRAM 


INPUTS, I/O 


surpure ORKKKKXD) 
CY 


WAVEFORM INPUTS OUTPUTS WAVEFORM INPUTS OUTPUTS 


wists curr: gana 
STEADY STEADY , 
PERMITTED UNKNOWN 


CENTER 
DOES NOT UNE IS HIGH 
APPLY IMPEDANCE 

“OFF” STATE 
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AC TEST LOAD CIRCUIT 


INPUTS 


NOTE: 
C1 and C2 are to bypass Vcc to GND. 


LOGIC PROGRAMMING 

The PLHS18P8A/B is fully supported by 
industry standard (SEDEC compatible) PLD 
CAD tools, including Signetics’ AMAZE 
design software package. ABEL™ CUPL™ 
and PALASM@ 90 design software packages 
also support the PLHS18P8A‘/B architecture. 


All packages allow Boolean and state 
equation entry formats. ABEL and CUPL also 
accept, as input, schematic capture format. 


OUTPUT POLARITY - (B) 


ACTIVE LEVEL [| Cope | 


“AND” ARRAY - (1, B) 


8 
LB 
18 
P,D 


[state] cone] 
[iwacnve? [0 


NOTE: 
1. This is the initial state of all link pairs. 


OUTPUTS 


PLHS18P8A/B logic designs can also be 
generated using the program table format 
detailed on the following pages. This program 
table entry (PTE) format is supported by the 
Signetics’ AMAZE PLD design software (PTP 
module). AMAZE is available free of charge 
to qualified users. 


ACTIVELEVEL | CODE | 
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PLHS18P8A/B 


VOLTAGE WAVEFORMS 


+3.0V—— — — 


fh oh 


MEASUREMENTS: 
All circuit delays are measured at the +1.5V level of 
inputs and outputs, unless otherwise specified. 





Input Pulses 


To implement the desired logic functions, the 
state of each logic variable from logic 
equations (I, B, O, P, etc.) is assigned a 
symbol. The symbols for TRUE, 
COMPLEMENT, INACTIVE, PRESET, etc., 
are defined below. 


PD 


[stare [600] 
[powteane’ | - 


2. All unused product terms must be programmed with all pairs of fuses in the INACTIVE state (all fuses on an unused p-term must be 


programmed). 





ABEL is a trademark of Data VO Comp. 
CUPL is a trademark of Logical Devices, inc. 
PALASM is a registered trademark of AMD Com. 
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PROGRAM TABLE 





POLARITY 


re] E 
- AA ARE SARRRARARASAASARASAAAAR AAAI Ss isis ss SAAN 
5 
| 
a 
ie 
a 


le NAAAAAAAAAANAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAANel<[s/<<{<{<[ 





RASA RARARRRAR ARREARS BSED E EER EERE ERA RRR RA AREA 


4 
| 
BESTEST 
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Teli dd<'<]<]\ \\AAAAAAAAAAAAAANAAAAAAAAAAAAAAAAAAARAAAAAAAAASAAAAAAANAAAAAAAAT 2 
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ieee) dolstcbel RSI CIS emilee Dae TSI REISE. Iter TS Ls Ieee LISS h a 


3NVYN 
roa svi 


~ avd ~~~ AaY # 3TEVL WVYDOud 
G3sn LON 
"eIMJDEYYOIE GO!AEP OY} jO E:NJeU pexi} EY) O} Cy 
6p pjey ABE YO OY} Ou! persue 6q JoUURD E1eQ“¢ 6 LYVd SO HSEWNN TVLOL 
*(peusuesBo1d 8q sn Wie}~d pesnun ue uO 

# LYVd GAZINOSWAS YAWOLSND 
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DESCRIPTION 







PLC18V8Z35 / PLC18V8ZI 


Zero standby power 
universal PAL®-type devices 





FEATURES PIN CONFIGURATIONS 


The PLC18V8Z35 and PLC18V8Zi are 
universal PAL-type devices featuring high 
performance and virtually zero-standby power 
for power sensitive applications. They are 
reliable, user-configurable substitutes for 
discrete TTL/CMOS logic. While compatible 
with TTL and HCT logic, the PLC18V8ZI can 
also replace HC logic over the Vcc range of 
4.5 to 5.5V. 


The PLC 18V8Z is a two-level logic element 
comprised of 10 inputs, 74 AND gates 
(product terms) and 8 output Macro cells. 


Each output features an “Output Macro Cell” 
which can be individually configured as a 
dedicated input, a combinatorial output, ora 
registered output with internal feedback. As a 
result, the PLC18V8Z is capable of emulating 
all common 20-pin PAL devices to reduce 
documentation, inventory, and manufacturing 
costs. 


A power-up reset function and a Register 
Preload function have been incorporated in 
the PLC18V8zZ architecture to facilitate state 
machine design and testing. 


With a standby current of less than 100A 
and active power consumption of 
1.5mA/MHz, the PLC 18V82Z is ideally suited 
for power sensitive applications in battery 
operated/backed portable instruments and 
computers. 


The PLC18V8Z is also processed to 
industrial requirements for operation over an 
extended temperature range of -40°C to 
+85°C and supply voltage of 4.5V to 5.5V. 


Ordering information can be found in the 
Ordering Information table. 


© 20-pin Universal Programmable Array 
Logic 
® Virtually Zero-Standby-power 


© Functional replacement for Series 20 
PAL devices 
= fot = 24mA 


© High-performance CMOS EPROM cell 
technology , 
— Erasable 
- Reconfigurable 
- 100% testable 


®@ 35ns Max propagation delay (comm) 
© 40ns Max propagation delay (Industrial) 


® Up to 18 inputs and 8 input/output macro 
cells 


© Programmable output polarity 

© Power-up reset on all registers 

© Register Preload capability 

© Synchronous Preset/Asynchronous Reset 


© Security fuse to prevent duplication of 
proprietary designs 


® Design support provided using AMAZE 
software development package and other 
CAD tools for PLDs 


® Available in 300mil-wide DIP with quartz 
window, plastic DIP (OTP) or PLCC (OTP) 


APPLICATIONS 


© Battery powered instruments. 
® Laptop and pocket computers 
@ Industrial control 

® Medical Instruments 


® Portable communications equipment 


@PAL is a registered trademark of Monolithic Memories, Inc., a wholly owned subsidiary of Advanced Micro Devices, Inc. 
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N and FA Packages 


N = Plastic DIP (300mil-wide) 
FA = Ceramic DIP with Quartz Window (300mil!-wide) 


A Package 


lo/ 
Ig Iy CLKVoc¢ F7 


Ig GND I9/ Fo Fy 
DE 
A = Plastic Leaded Chip Carrier 
PIN LABEL DESCRIPTIONS 


||| Dedicatedinput_ | 

| B | Bidirectional inpuvoutput_| 

| O| Dedicated output 

| cee 
(D-type flip-flop) 


Output Enable 
Voc Supply Voltage 


Ground 








ies 
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t o Ph ag iP 8 
[=] [2 [2] [=] | [= 


CE 


jerk 





4 
& 


= Denotes a programmable cell location. 


Pins 1 and 11 are configured as Inputs 0 and 9, respectively, via the configuration cell. The clock and 


DE functions are disabled. 
All output macro calls (OMC) are configured as bidirectional /O, with the outputs disabled via the 


direction term. 





12 





4 





o 


tn 





le 
All AND gate locations are pulled to a logic “0” (Low). 


All cells are in a conductive state. 
Output polarity is inverting. 


7 
NOTES: . 
In the unprogrammed or virgin state: 





LOGIC DIAGRAM 
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PAL DEVICE TO PLC18V8Z OUTPUT PIN CONFIGURATION 


CROSS REFERENCE 


PLC 
18V8Z 


16R4 | 16R6 | 16R8 ae 
16RP4 | 16RPS | 16RP8 | Joh? 


14L4 
14H4 
14P4 


Cd 
F7 


The Signetics state-of-the-art Floating-Gate 
CMOS EPROM process yields bipolar 
equivalent performance at less than 
one-quarter the power consumption. The 
erasable nature of the EPROM process 
enables Signetics to functionally test the 
devices prior to shipment 


OUTPUT MACRO CELL (OMC) 


NOTE: 
= Denotes a programmable cell location. 


September 1, 1989 





to the customer. Additionally, this allows 
Signetics to extensively stress test, as well as 
ensure the threshold voltage of each 
individual EPROM cell. 100% programming 
yield is subsequently guaranteed. 


FROM AND 
ARRAY 


A TO ALL OMCs 
, 
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FUNCTIONAL DIAGRAM 


36 ROWS X 72 COLUMNS 


> 
= 
c 
< 
a 
z 
< 
Ww 
Al 
o 
< 
= 
= 
< 
« 
3 
ce 
a 





THE OUTPUT MACRO CELL 
(OMC) 

The PLC18V8Z series devices have 8 
individually programmable Output Macro 
Cells. The 72 AND inputs (or product terms) 
from the programmable AND array are 
connected to the 8 OMCs in groups of 9. 
Eight of the AND terms are dedicated to logic 
functions; the ninth is for asynchronous 
direction control, which enables/disables the 
respective bidirectional I/O pin. Two product 
terms are dedicated for the Synchronous 
Preset and Asynchronous Reset functions. 


Each OMC can be independently 
programmed via 16 architecture control bits, 
AC1, and AC2, (one pair per macro cell). 
Similarly, each OMC has a programmable 
output polarity control bit (Xn). By configuring 
the pair of architecture control bits according 
to the configuration cell table, 4 different 
configurations may be implemented. Note that 
the configuration cell is automatically 
programmed based on the OMC 
configuration. 


DESIGN SECURITY 

The PLC18V8Z series devices have a 
programmable security fuse that controls the 
access to the data programmed in the device. 
By using this programmable feature, 
proprietary designs implemented in the device 
cannot be copied or retrieved. 
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CONFIGURATION CELL 

Asingle configuration cell controls the 
functions of Pins 1 and 11. Refer to 
Functional Diagram. When the configuration 
cellis programmed, Pin 1 is a dedicated 
clock and Pin 11 is dedicated for output 
enable. When the configuration cell is 
unprogrammed, Pins 1 and 11 are both 
dedicated inputs. Note that the output enable 








Bidirectional I/O mode? 





NOTE: 


for all registered OMCs is common—from Pin 
11 only. Output enable control of the 
bidirectional I/O OMCs is provided from the 
AND array via the direction product term. 


If any one OMC is configured as registered, 
the configuration cell will be automatically 
configured (via the design software) to ensure 
that the clock and output enable functions are 


CONTROL CELL CONFIGURATIONS 


| Bicrectonal YO mode | Unprogrammed Unprogrammed 


Fixed input mode Unprogrammed 


Fixed output mode Unprogrammed 


CONFIG. CELL 


Programmed 


Unprogrammed 
Unprogrammed 


Unprogrammed 


1. This is the virgin state as shipped from the factory. 


ARCHITECTURE CONTROL—AC1 and AC2 


OMC CONFIGURATION | CODE | 
FIXED INPUT ee 


NOTE: 


F(B), F (B) 


OMC CONFIGURATION 


BIDIRECTIONAL 1/0! 
COMBINATORIAL’ 


F(D), F (D) 


CONFIGURATION CELL 


PIN1=CLK 
PIN 11 = OE 





A factory shipped unprogrammed device is configured such that: 


Output polarity is inverting. 


OOPon> 


This is the initial unprogrammed state. All cells are in a conductive state. 
All AND gates are pulled to a logic “0” (Low). 


Pins 1 and 11 are configured as inputs 0 and 9. The clock and OE functions are disabled. 
All Output Macro Cells (OMCs) are configured as bidirectional I/O, with the outputs disabled via the direction term. 
This configuration cannot be used if any OMCs are configured as registered (Code = D). The configuration cell will be automatically configured 


enabled on Pins 1 and 11, respectively. If 
none of the OMCs are registered, the 
configuration cell will be programmed such 
that Pins 1 and 11 are dedicated inputs. The 


programming codes are as follows: 












Pin 1 = CLK, Pin 11 = OE 
Pin 1 and Pin 11 =Input 


COMMENTS 
Dedicated clock from Pin 1. OE Control 
for all registerd OMCs from Pin 11 only. 
Pins 1 and 11 are dedicated inputs. 
3-State control from AND array only. 
Pins 1 and 11 are dedicated inputs 


Pins 1 and 11 are dedicated inputs. The 
feedback path (via Fyux) is disabled. 









) >—_t>— F(O), F (©) 


OMC CONFIGURATION CODE 


FIXED OUTPUT 12 


CONFIGURATIONCELL | CODE | 


PIN 1 = INPUT 
PIN 11 =INPUT 


to ensure that the clock and output enable functions are enabled on Pins 1 and 11, respectively, if any one OMC is programmed as registered. 
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ORDERING INFORMATION 


DESCRIPTION | OPERATING CONDITIONS 


20-Pin Plastic Dual In-Line Package Commercial 
300mil-wide (tpp = 35ns) Temperature Range 


20-Pin Ceramic Dual In-Line Package : 
300mil-wide with quartz window (tpp = 35ns) + 5% Power Supplies 


20-Pin Plastic Leaded Chip Carrier 
350mil square (tpp = 35ns) 


20-Pin Plastic Dual In-Line Package Industrial 
300mil-wide (tpp = 40ns) Temperature Range 


20-Pin Ceramic Dual In-Line Package + 10% P. Suppli 
300mil-wide with quartz window (tpp = 40ns) Seen eng 


20-Pin Plastic Leaded Chip Carrier 
350mil square (tpp = 40ns) 





ABSOLUTE MAXIMUM RATINGS! 


SYMBOL PARAMETER RATINGS 
Vv 
Vv 


| Voc | Suppyvoltage 
: 4.5 to 5.5 (Industrial 
Operating supply voltage 4.75 t0 5.25 leonmereeh 
Ww | tnputvotage | 








150°C 





SR 


A 
A 
s —40 to +85 (Industrial) 
Tam Operating temperature range 0 to +75 (Commercial) 
Cc 


Storage temperature range -65 to +150 


NOTE: , 

1. Stresses above those listed may cause malfuncion or permanent damage to the device. This 
is a stress rating only. Functional operation at these or any other condition above those 
indicated in the operational and programming specification of the device is not implied. 









AC TEST CONDITIONS VOLTAGE WAVEFORMS 


+3.0V — — — — 


INPUTS ,, 


OUTPUTS 
MEASUREMENTS: 

All circuit delays are measured at the +1.5V level! of 
inputs and outputs, unless otherwise specified. 
NOTE: 
C1 and Co are to bypass Voc to GND. 





Input Pulses 
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DC ELECTRICAL CHARACTERISTICS 
Commercial = 0°C < Tang s +75°C, 4.75V < Voc < 5.25V; 


Industrial = —40°C < Tamp < +85°C, 4.5V < Voc < 5.5V 


LIMITS 
SYMBOL PARAMETER TEST CONDITION | MIN [| Typ! | MAX | UNIT 


Input voltage 
SN 


Output voltage? 
V on Voc = MIN, lop = 20HA 0.100 Vv 
of Voc = MIN, lo, = 24mA 0.500 Vv 
Voc = MIN, loy=-3.2mA 2.4 
Vou High Voc = MIN, low =—20nA Voc -0.1V 


Output current 


Hpi 
eunanione | Sama Sc we 
[ves spay erent aiey® [Voom wax ccwosinpuee® [| _} +8 | manne 


Capacitance 


ae ee 
Vin = 2.0V 

oe ee ee 
NOTES: 


. All typical values are at Voc = 5V, Tanp = +25°C. 

. All voltage values are with respect to network ground terminal. 

. Duration of short-circuit should not exceed one second. Test one at a time. 

. Tested with TTL input levels: Vi = 0.45V, V\4 = 2.4V. Measured with all outputs switching. 
. Aloc/TTL input = 2mA. 

Alcc vs frequency (registered configuration) = 2mA/MHz. 

~ I for Pin 1 (lpo/CLK) is + 10,4 with Vix) = 0.4V. 

. Vin includes CLK and OE if applicable. 






















: 
= 
nT 


= 








ht 













rage 
O° 


ONAMRONM=— 


6 
(MHz) 


0 20 40 6O 80 100 120 140 160 180 200 
OUTPUT CAPACITANCE LOADING (pF) 


Figure 1. Ic¢c vs Frequency 
(Worst Case) 


Figure 2. Atpp vs Output Capacitance 
Loading (Typical) 
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AC ELECTRICAL CHARACTERISTICS 
Commercial = 0°C < Tamb < +75°C, 4.75V < Voc < 5.25V; 
Industrial = —40°C < Tamb < +85°C, 4.5V < Voc < 5.5V; Ro = 3902 


PLC18V8Z35 PLC18V8ZI 
TEST CONDITION? (Commercial) (Industrial) 
SYMBOL PARAMETER Cc UNIT 
mete) | [mm [mae | aw | wax 


Pulse width 


Clock period 
toxp (Minimum CLK + CLK + 
tis + tcxo) 
tox | Clock width High | clK- | 
tox, | Clock width Low | CLK- | CLK- | CLK+ | CLK+ 


Async reset 






































Hold time 
esha Cee 
Setup time 
Input or feedback 
Propagation delay 
Delay from input 
Clock High to 


output valid 
access Time 






Product term 
enable to outputs 
off 






Active-High R = 1.5k 
Active-Low R = 550 


















Product term 
disable to outputs 
off 














From Voy R = 
From Vo, R = 200 















Pin 11 output 
disable High to 
outputs off 


From Voy R = & 
From Vo. R = 200 









Pin 11 output 
enable to active 
output 


tary Async reset delay + | | 40 | ns | 
Async reset 
Sync preset 


veos Pe 


a of operation 


fia [Maxinomtewueney | _Wisveay | > <i |. a] | ~ [we 


NOTES: 

1. Refer also to AC Test Conditions. (Test Load Circuit) 

2. For 3-State output; output enable times are tested with C_ = 50pF to the 1.5V level, and S, is open for high-impedance to High tests and 
closed for high-impedance to Low tests. Output disable times are tested with C, . 5pF. High-to-High impedance tests are made to an output 
voltage of Vr = (Voy — 0.5V) with S; open, and Low-to-High impedance tests are made to the Vr = (Vo, + 0.5V) level with S, closed. 

3. Resistor values of 1.5k and 550Q provide 3-State levels of 1.0V and 2.0V, respectively. Output timing measurements are to 1.5V level. 






Active-High R = 1.5k 


OE + Ft Active-Low R = 550 
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POWER-UP RESET 

In order to facilitate state machine design and ‘Therefore, any OMC that has been registered OMC will also be set Low. The 
testing, a power-up reset function has been configured as a registered output will always programmed polarity of OMC will not affect 
incorporated in the PLC18V8Z. All internal produce an Active-High on the associated the Active-High output condition during a 
registers will reset to Active-Low (logical “0”) output pin because of the inverted output system power-up condition. 

after a specified period of time (tppa). buffer. The interna! feedback (Q) ofa 

TIMING DIAGRAMS 


4H tCKH tCKL 


ts 


nos 
AMM 


top1 


wm LEEK 


Switching Waveforms 


Vec 


aa pf i j 1.5 
neu) SLLLACLLLLD ae} tv 


{iH 4s 


us ‘CKH {CKL 
tcKp 


NOTE: 
Diagram presupposes that the outputs (F) are enabled. The reset occurs regardless of the output condition (enabled or disabled). 


Power-Up Reset 
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TIMING DIAGRAMS (Continued) 


ASYNCHRONOUS 
RESET INPUT 


REGISTERED 
OUTPUT 


Asynchronous Reset 


4s 4 


SYNCHRONOUS 
PRESET INPUT 


REGISTERED 
OUTPUT 





Synchronous Preset 
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REGISTER PRELOAD FUNCTION 


(DIAGNOSTIC MODE ONLY) 

In order to facilitate the testing of state 
machine/controller designs, a diagnostic 
mode register preload feature has been 
incorporated into the PLC18V8Z series 
device. This feature enables the user to load 


the registers with predetermined states while 
a super voltage is applied to Pins 11 and 6 
(I9/OE and Is). (See diagram for timing and 
sequence.) 

To read the data out, Pins 11 and 6 must be 


returned to normal TTL levels. The outputs, 
Fo_ 7, must be enabled in order to read data 


REGISTER PRELOAD (DIAGNOSTIC MODE) 


I/OE 
(PIN 11) 


(PIN 1) 


Fo_7 
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out. The Q outputs of the registers will reflect 
data in as input via Fg_ 7 during preload. 
Subsequently, the register Q output via the 
feedback path will reflect the data in as input 
via Fo_7. 


Refer to the voltage waveform for timing and 
voltage references. tp, = 10psec. 


f —pRELOADDATAIN DATA IN -——| PRELOAD DATA OUT a DATA OUT 


Its MMU 
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LOGIC PROGRAMMING 

The PLC18V82Z series is fully supported by 
industry standard (JEDEC compatible) PLD 
CAD tools, including Signetics AMAZE, 


SLICE and SNAP design software packages. 


ABEL™ CUPL™ and PALASM@ 90 design 
software packages also support the 
PLC 18V8Z architecture. 


All packages allow Boolean and state 
equation entry formats. SNAP, ABEL and 
CUPL also accept, as input, schematic 
capture format. 


OUTPUT POLARITY -— (0, B) 


ACTIVELEVEL | CODE | 
INVERTING? 


“AND” ARRAY - (I, B) 


(,B 
1,B 
LB 
P 


[stare [600 
[powtcane | - 


NOTE: 


PLC18V8Z logic designs can also be 
generated using the program table entry 
format, which is detailed on the following 
pages. This program table entry format is 
supported by AMAZE and SLICE only. Both 
AMAZE and SLICE design packages are 
available, free of charge, to qualified users. 


With Logic programming, the AND/OR/Ex-OR 
gate input connections necessary to 
implement the desired logic function are 
coded directly from logic equations using the 


ACTIVE LEVEL | CODE | 
NONINVERTING [| H | 





P 


[—iwacnve™ [0 


Program Table. Similarly, various OMC 
configurations are implemented by - 
programming the Architecture Control bits 
AC1 and AC2. Note that the configuration cell 
is automatically programmed based on the 
ONC configuration. 


In this table, the logic state of variables I, P 
and B associated with each Sum Term S is 
assigned a symbol which results in the proper 
fusing pattern of corresponding link pairs, 
defined as follows: 





1. Afactory shipped unprogrammed device is configured such that all cells are in a conductive state. 


ABEL is a trademark of Data VO Corp. 
CUPL is a trademark of Logical Devices, Inc. 
PALASM is a registered trademark of AMD Com. 
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ERASURE CHARACTERISTICS 
(For Quartz Window Packages 
Only) 

The erasure characteristics of the PLC18V8Z 
Series devices are such that erasure begins 
to occur upon exposure to light with wave- 
lengths shorter than approximately 4000 
Angstroms (A). It should be noted that 
sunlight and certain types of fluorescent 
lighting could erase a typical PLC 18V8Z in 
approximately three years, while it would take 
approximately one week to cause erasure 
when exposed to direct sunlight. If the 


PROGRAMMING 


PLC18V8Z is to be exposed to these types of 
lighting conditions for extended periods of 
time, opaque labels should be placed over 
the window to prevent unintentional erasure. 


The recommended erasure procedure for the 
PLC18V8Z is exposure to shortwave 
ultraviolet light which has a wavelength of 
2537 Angstroms (A). The integrated dose 
{ie., UV intensity x exposure time) for 
erasure should be a minimum of 
15Wsec/cm2. The erasure time with this 
dosage is approximately 30 to 35 minutes 


using an ultraviolet lamp witha = 
12,0001W/cm? power rating. The device 
should be placed within one inch of the lamp 
tubes during erasure. The maximum 
integrated dose a CMOS EPLD can be 
exposed to without damage is 
7258Wsec/cm?). Exposure of these CMOS 
EPLDs to high intensity UV light for longer 
periods may cause permanent damage. 


The maximum number of guaranteed 
erase/write cycles is 50. Data retention 
exceeds 20 years. 


The PLC 18V8Z35/l is programmable on conventional programmers for 20-pin PAL devices. Refer to the following charts for qualified manufacturers 


of programmers and software tools: 
PROGRAMMER MANUFACTURER 


DATA I/O CORPORATION | 

10525 WILLOWS ROAD, N.E. 

P.O. BOX 97046 

REDMOND, WASHINGTON 98073-9746 


(800)247-5700 


STAG MICROSYSTEMS, INC. 

1600 WYATT DRIVE i 
SUITE 3 

SANTA CLARA, CALIFORNIA 95054 


(408)988-1118 






SIGNETICS COMPANY . 

811 EAST ARQUES AVENUE 

P.O. BOX 3409 

SUNNYVALE, CALIFORNIA 94088-3409 





(408)89 1-2000 






DATA V/O ‘ 
10525 WILLOWS ROAD, N.E. 

P.O. BOX 97046 

REDMOND, WASHINGTON 98073-9746 


(800)247-6700 


LOGICAL DEVICES, INC. 
1201 NORTHWEST 65TH PLACE 
FORT LAUDERDALE, FLORIDA 33309 






(800)331-~7766 
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SOFTWARE MANUFACTURER 


System 29B, LogicPak™ 
303A-011A; VO9 (DIL) 
303A-011B; V04 (PLCC) 


UNISITE 40/48 
V2.6 (DIL) 
Chipsite (PLCC) — V2.8 


MODEL 60 
360A001 (DIL) 
360A006 (PLCC) 


ZL30/30A PROGRAMMER 
REV. 30A34 (DIL) 
30A001 Adaptor (PLCC) 


PPZ PROGRAMMER 
TBA 
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DEVELOPMENT SYSTEM 


REV. 1.6 AND LATER 
REV. 1.0 AND LATER 


AMAZE SOFTWARE 
REV. 1.8 AND LATER 


CUPL™ SOFTWARE 


PROGRAMMER MODEL FAMILY/PINOUT CODES 












SNAP 









SLICE 















ABEL™ SOFTWARE 
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DIRECTION CONTROL D | 


ACTIVE OUTPUT 
NOT USED 


* THE CONFIGURATION CELL IS AUTOMATICALLY PROGRAMMED BASED ON THE OMC ARCHITECTURE. 


**FOR SP, AR: “—"!S NOT ALLOWED. 


INPUT 


CONAG. CELL* 
CLK; PIN 11 


PIN1 


PIN 1, PIN 11 


BIDIRECTIONAL 0 


FIXED OUTPUT 
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SNAP RESOURCE SUMMARY DESIGNATIONS 


PROGRAMMABLE AND ARRAY 
36 ROWS X 72 COLUMNS 


FROM AND 
ARRAY 
A TOALLOMCs 


DIRECTION CONTROL TERM 


HORE 
a Ss 
—F 
ts acahtihycininll 


(1) “f_ OUTPUT 


A 


NOTE: 
& Denotes a programmable cell location. 
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DESCRIPTION 
The 10H20EV8/10020EV8 is an ultra 
high-speed universal ECL PAL®-type 
device. Combining versatile output 
macrocells with a standard AND/OR 

‘ single programmable array, this device 
is ideal in implementing a user’s custom 
logic. The use of Signetics state-of- 
the-art bipolar oxide isolation process 
enables the 10H20EV8/10020EV8 to 
achieve optimum speed in any design. 
The AMAZE design software package 
from Signetics simplifies design entry 
based upon Boolean or state equations. 


The 10H20EV8/10020EVS8 is a two-level 
logic element comprised of 11 fixed 
inputs, an input pin that can either be 
used as aclock or 12th input, 90 AND 
gates, and 8 Output Logic Macrocells. 
Each Output Macrocell can be 
individually configured as a dedicated 
input, dedicated output with polarity 
control, a bidirectional I/O, or as a 
registered output that has both output 
polarity control and feedback to the AND 
array. This gives the part the capability 
of having up to 20 inputs and eight 
outputs. 


The 10H20EV8/10020EV8 has a 
variable number of product terms that 
can be OR’d per output. Four of the 
outputs have 12 AND terms available 
and the other four have 8 terms per - 
output. This allows the designer the 
extra flexibility to implement those 
functions that he couldn't in a standard 
PAL device. Asynchronous Preset and 
Reset product terms are also included 
for system design ease. Each output 
has a separate output enable product 
term. Another feature added for the 
system designer is a power-up Reset on 
all registered outputs. 







Date of Issue 








1OH20EV8 / 10020EV8 


The 10H20EV8/10020EV8 also features 
the ability to Preload the registers to any 
desired state during testing. The Preload 
is not affected by the pattern within the 
device, so can be performed at any step 
in the testing sequence. This permits full 
logical verification even after the device 
has been patterned. 


FEATURES 

© Ultra high speed ECL device 
~— tpp = 4.5ns (max) 
~ tig = 2.7ns (max) 
— texo = 2.2ns (max) 
= fax = 208MHz 

® Universal ECL Programmable Array 
Logic 
~ 8 user programmable output 

macrocells 
— Up to 20 inputs and 8 outputs 
— Individual user programmable 
output polarity 

© Variable product term distribution 
allows increased design capability 

© Asynchronous Preset and Reset 
capability 

@ 10KH and 100K options 

© Power-up Reset and Preload function 
to enhance state machine design and 
testing 


© Design support provided via AMAZE 
and other CAD tools 


© Security fuse for preventing design 
duplication 

® Available in 24-Pin 300mil-wide DIP 
and 28-Pin PLCC. 


@PAL is a registered trademark of Monolithic Memories, Inc., a wholly owned subsidiary of Advanced Micro Devices, Inc. 
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PIN CONFIGURATIONS 


F Package 


F = Ceramic DIP (300mil-wide) 


A Package 


CLKAy2 Ig 1y NC Voc hy lo 


la Is Vee NC Ig I7 fg 
A = Plastic Leaded Chip Carrier 
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ASYNCHRONOUS RESET 
ASYNCHRONOUS PRESET 


fit at tt et tt a 


INPUT LUNES 


le 


4 
Dotressenesen Stic ee 
7 7X 


» Programmable connections 


1, All unprogrammed or virgin “AND” gate locations are pulled to logic “0” 
3. Pinout for F Package 


LOGIC DIAGRAM 


NOTES: 
2. 
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FUNCTIONAL DIAGRAM 


bee OUTPUT rt 
OGIC LOGIC 
ee Ht MACROCELL Hf 


FUNCTIONAL DESCRIPTION 

The 10H20EV8/10020EV8 is an ultra 
high-speed universal ECL PAL-type device. 
Combining versatile Output Macrocells with a 
standard AND/OR single programmable 
array, this device is ideal in implementing a 
user's custom logic. 


FEEDBACK 
MUX 
Sy 


OUTPUT 
LOGIC 
aie 


PROGRAMMABLE AND ARRAY 
(90x 40) 


wee 


As can be seen in the Logic Diagram, the 
device is a two-level logic element with a 
programmable AND array. The 20EV8 can 
have up to 20 inputs and 8 outputs. Each 
output has a versatile Macrocell whereby the 
output can either be configured as a 
dedicated input, a dedicated combinatorial 


output with polarity control, a bidirectional I/O, 


or as a registered output that has both output 
polarity control and feedback into the AND 
array. ; 


Figure 1. Output Logic Macrocell 


April 17, 1990 





106 


OUTPUT 


HL + LOGIC 


VW YU i]. H I 
OUTPUT OUTPUT 

H+ Loic H+ LoGic 
aa TT TT 





The device also features 90 product terms. 
Two of the product terms can be used fora 
global asynchronous preset and/or reset. 
Eight of the product terms can be used for 
individual output enable contro! of each 
Macrocell. The other 80 product terms are 
distributed among the outputs. Four of the 
outputs have eight product terms, while the 
other four have 12. This arrangement allows 
the utmostin flexibility when implementing 
user patterns. 


Output Logic Macrocell 

The 10H20EV8/10020EV8 incorporates an 
extremely versatile Output Logic Macrocell 
that allows the user complete flexibility when 
configuring outputs. 


As seen in Figure 1, the 10H20EV8/ 
10020EV8 Output Logic Macrocell consists of 
an edge-triggered D-type flip-flop, an output 
select MUX, and a feedback select MUX. 
Fuses Sg and S, allow the user to select 
between the various cells. S; controls whether 
the output will be either registered with 
internal feedback or combinatorial I/O. So 
controls the polarity of the output (Active- 
HIGH or Active-LOW). This allows the user to 
achieve the following configurations: 
Registered Active-HIGH output, Registered 
Active-LOW output, Combinatorial Active- 
HIGH output, and Combinatorial Active-LOW 
output. With the output enable product term, 
this list can be extended by adding the 
configurations of a Combinatorial I/O with 
Polarity or another input. 
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ORDERING INFORMATION 


DESCRIPTION ORDER CODE 


10H20EV8-6F 
24-Pin Ceramic Dual In-Line 10H20EV8-4F 
(300mil-wide) 10020EV8-6F 
10020EV8—4F 


10H20EV8-6A 


: : 2 : 10H20EV8-4A 
28-Pin Plastic Leaded Chip Carrier 10020EV8-6A 


10020EV8-4A 





ABSOLUTE MAXIMUM RATINGS! 


SYMBOL PARAMETER RATING UNIT 
[ouputsoucecuren «dC | 







Vee 

Vin 
Operating Temperature range ; Fa we Hoo 
Storage Temperature range -55 to +150 


NOTE: 

1. Stresses above those listed may cause malfunction or permanent damage to the device. This 
is a stress rating only. Functional operation at these or any other condition above those 
indicated in the operational and programming specification of the device is not implied. 









OPERATING RANGES 


DEVICE | SYMBOL PARAMETER | MIN. | MAX | UNIT 


[Tare | Operating reoartonpeaiwe |_o | 78 | =o | 
UATE 
[Tae | Operating ee renperauwe [| 0 | 05 | 0 
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Registered Active-HIGH 


Combinatorial Active-HIGH 


OUTPUT MACRO CELL 
CONFIGURATION 


Shown in Figure 2 are the four possible 
configurations of the output macrocell using 
fuses So and S;. As seen, the output can 
either be registered Active-HIGH/LOW with 
feedback or combinatorial Active-HIGH/LOW 
with feedback. If the registered mode is 
chosen, the feedback is from the @ output to 
the AND array enables one to make state 
machines or shift registers without having to 
tie the output to one of the inputs. If a 
combinatorial output is chosen, the feedback 
gate is enabled from the pin and allows one 
to create permanent outputs, permanent 
inputs, or !/O pins through the use of the 
output enable (D) product term. 


OUTPUT ENABLE 

Each output on the 10H20EV8/10020EV8 
has its own individual product term for output 
enable. The use of the D product term 
(direction contro!) allows the user three 
possible configurations of the outputs. They 
are always enabled, always disabled, and 
controlled by a programmed pattern. A HIGH 
on the D term enables the output, while a 
LOW performs the disable function. Output 
enable control can be achieved by 
programming a pattern on the D term. 


The output enable control can also be used to 
expand a designer's possibilities once a 
combinatorial output has been chosen. If the 
D term is always HIGH, the pin becomes a 
permanent Active-HIGH/LOW output. If the 
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Figure 2. Output Macro Cell Configurations 


D term is always LOW (all fuses left intact), 
the pin now becomes an extra input. 


PRESET AND RESET 

The 10H20EV8/10020EV8 also includes a 
separate product term for asynchronous 
Preset and asynchronous Reset. These lines 
are common for all registers and are asserted 
when the specific product term goes HIGH. 
Being asynchronous, they are independent of 
the clock. It should be noted that the actual 
state of the output is dependent on how the 
polarity of the particular output has been 
chosen. If the outputs are a mix of 
Active-HIGH and Active-LOW, a Preset signal 
will force the Active-HIGH outputs HIGH 
while the Active-LOW outputs would go LOW, 
even though the Q output of all flip-flops 
would go HIGH. A Reset signal would force 
the opposite conditions. 


PRELOAD 

To simplify testing, the 1OH20EV8/10020EV8 
has also included PRELOAD circuitry. This 
allows a user to load any particular data 
desired into the registers regardless of the 
programmed pattern. This means that the 
PRELOAD can be done on a blank part and 
after that same part has been programmed to 
facilitate any post-fuse testing desired. 


It can also be used by a designer to help 
debug his/her circuit. This could be important 
if a state machine was implemented in the 
10H20EV8/ 10020EV8. The PRELOAD 
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Registered Active-LOW 


Combinatorial Active-LOW 





would allow a designer to enter any state in 
the sequence desired and start clocking from 
that particular point. Any or all transitions 
could be verified. 


AMAZE | 

The AMAZE PLD Design Software 
development system also supports the 
10H20EV8/10020EV8. AMAZE provides the 
following capabilities for the 10H20EV8/ 
10020EV8: 


® State equation entry 

© Boolean equation entry 

® Logic and timing simulation 

® Automatic test vector generation 


AMAZE operates on an IBM PC/XT, PC/AT, 
PS/2, or any compatible system with DOS 
2.0 or higher. The minimum system 
configuration for AMAZE is 640K bytes of 
RAM and a hard disk. 


AMAZE compiles the design after completion 
for syntax and completeness. Programming 
data is generated in JEDEC format. 


DESIGN SECURITY 

The 10H20EV8/10020EV8 has a 
programmable security fuse that controls the 
access to the data programmed in the device. 
By using this programmable feature, 
proprietary designs implemented in the 
device cannot be copied or retrieved. 
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DC ELECTRICAL CHARACTERISTICS 
TOH20EV8:0°C < Tam < +75°C, Veg = -5.2V + 5%, Voc = Voo1 = Veo2 = GND 
1OO20EV8: 0°C < Tam < +85°C, -4.8V < Veg < -4.2V, Voc = Veo: = Vco2 = GND 


-—1020 -840 
-980 -810 mV 
-920 -735 


ot 


Low — output voltage = -1950 | —1630 
~1950 | -1630 mV 
~1950 | -1600 
Low level output threshold voltage | Vin = Viy MAX or V;, MIN 100K {orctoasc | —_—| -1610 


High level input voltage Guaranteed input voltage -840 
high for all inputs -810 
-—1070 -735 


(ook [oe was | -ries | -200 | 


Low level input voltage Guaranteed input voltage -1950 | —1480 
low for all inputs -1950 } —1480 mV 
aa 980 ena 450 


| 100K. | | 0°C to 85°C | | 0°C to 85°C | 85°C 


High tevel input current Vin = Vip MAX o°c 
. 10KH +75°C 
0°C to 85°C 


Low level input current Vin = Vit MIN o°c 
Except I/O Pins 10KH +75°C HA 


Pico Tocwese [os |_| 


Supply current Veg = MAX 1OKH | O°C to 75°C 
All inputs and outputs open -230 mA 
100K | O°C to | 0°C 10 85°C | 
Pe 


. All voltage measurements are referenced to the ground terminal. 

2 Each ECL 10KH/100K series device has been designed to meet the DC specification after thermal equilibrium has been established. The 
circuit is in a test socket or mounted on a printed circuit board and transverse air flow greater than 500 (150 meters) linear fpm is maintained. 
Voltage levels will shift approximately 4mV with an air flow of 200 linear fpm. Outputs are terminated through a 500 resistor to —2V. 

3. Terminals not specifically referenced can be left electrically open. Open inputs assume a logic LOW state. Any unused pins can be termi- 
nated to —2V. If tied to Veg, it must be through a resistor > 10K. 
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AC TEST CIRCUIT 


+2.0V + 0.010V 


PULSE 
GENERATOR 


-2.5V + 0.010V FOR 10020EV8 
-3.2V + 0.010V FOR 10H20EV8 


ae. 
. Use decoupling capacitors of 0.1pF and 25yF from GND to Vcc, and 0.01pF and 25pF from GND to Veg (0.01 and 0.1p1F capacitors 
should be NPO Ceramic or MLC ty type). Decoupling capacitors should be placed as close as physically possible to the DUT and lead 
length should be kept to less than '/4 inch (6mm). 
. Allunused inputs should be connected to either HIGH or LOW state consistent with the LOGIC function required. 
. All unused outputs are loaded with 50Q to GND. 
. Ly and Lg are equal length 50Q impedance lines. Ls, the distance from the DUT pin to the junction of the cable from the Pulse Genera- 
tor and the cable to the Scope, should not exceed '/4 inch (6mm). 
. Ry = 50 terminator internal to Scope 
. The unmatched wire stub between coaxial cable and pins under test must be less than '/, inch (6mm) long for proper test. 
. C. = Fixture and stray capacitance < 3pF. 
. Any unterminated stubs connected anywhere along the transmission line between the Pulse Generator and the DUT or between the 
DUT and the Scope should not exceed 1/4 inch (6mm) in length (refer to section on AC setup proce): 
All 50Q resistors should have tolerance of + 1% or better. 
10. Test procedures are shown for only one input or set of input conditions. Other inputs are tested i in the same manner. 
11. Two 10pF capacitors between Vcc and Veo; and Vco2 respectively located as close to the device as possible is recommended to 
teduce ringing. 
12. Normal practice in test fixtures layout should be followed. Lead lengths, particular to the power supply, should be as short as possible. 
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VOLTAGE WAVEFORMS 


+1110mV (10H20EV8) 
+1050mV (10020EV8) 


NEGATIVE 
PULSE 


+310mV 


+1110mV (10H20EV8) 
+1050mV (10020EV8) 


POSITIVE 
PULSE 


INPUT PULSE REQUIREMENTS 
Voc = Voo1 = Voo2 = +2.0V +0.010V, Veg = ~3.2V + 0.010V, V7 = GND (OV) 


FAMILY | AMPLITUDE | REP RATE | PULSE WIDTH 
soxHecL| s00mvp-p | mez | sons | 1.320.2ns | 1.3+0.2n5 


INPUT PULSE REQUIREMENTS 
Voc = Voo1 = Voo2 = +2.0V +0.010V, Veg = ~2.5V + 0.010V, V7 = GND (OV) 


FAMILY | AMPLITUDE | REP RATE | PULSE WIDTH 
| sookeci | 740mvep | sme | soos | o7eo.tns | 07.20.1n5_| 


Input Pulse Definition 
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ECL programmable array logic | 10H20EV8 / 10020EV8 





AC ELECTRICAL CHARACTERISTICS 
TOH20EV8:0°C < Tamb < +75°C, Veg =-5.2V + 5%, Voc = Veo = Veo2 = GND 
10020EV8: 0°C < Tam < +85°C, -4.8V < Veg = -4.2V, Voc = Veo = Voo2 = GND 


LIMITS 
TEST , 


Pulse Width 
Clock High CLK + CLK - 
Clock Low CLK - CLK + 
Clock Period CLK + CLK + 
Preset/Reset Pulse (1, VO) + (I, VO) + 


Input (i, VO) + 
Input CLK + (1, VO) + 


Clock Resume 
after Preset/Reset 


(I, VO) + 


Propagation Delay 
Input (I, VO) + 
Clock CLK + 
Output Enable (I, VO) + 
Output Disable (I, VO) + 
Preset/Reset (I, VO) + 


Power-on Reset Vee 





NOTES: 
1. Refer to AC Test Circuit and Voltage Wafeforms diagrams. 


\ 
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ECL programmable array logic 10H20EV8 / 10020EV8 





TIMING DIAGRAMS 


ee Ki 
SH 


ts ___* 


tcKP 
tcKo7 
vo 
(REGISTERED 50% 
OUTPUT) 
+ tpp 


vo 
(COMBINATORIAL 
OUTPUT) 


Flip-Flop and Gate Outputs 


VEE = ~4.94 10H20EV8 
VEE =—4.2 10020EV8 


REGISTERED 
ACTIVE-LOW 
OUTPUT 


Power-On Reset 
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ECL programmable array logic : 1OH20EV8 / 10020EV8 


TIMING DIAGRAMS (Continued) 


1,V0 
(INPUT) 


vo 
(OUTPUT) 


Output Enable/Disable 


ASYNCHRONOUS 
PRESETRESET 


vo 
(OUTPUT) 


Asynchronous Preset/Reset 
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ECL programmable array logic 10H20EV8 / 10020EV8 





REGISTER PRELOAD 

The 10H20EV8/10020EV8 has included 
circuitry that allows a user to load data into 
the output registers. Register PRELOAD can 
be done at any time and is not dependent on 
any particular pattern programmed into the 
device. This simplifies the ability to fully verify 
logic states and sequences even after the 
device has been patterned. 


The pin levels and sequence necessary to 
perform the register PRELOAD are shown 
below. 


OUTPUTS 


DISABLE OUTPUTS APPLY EXTERNAL DATA PRELOADED REMOVE EXTERNAL 
ENABLE PRELOAD INPUTS TO BE AND PRELOAD INPUTS 
PRELOADED - DISABLED 


| 
PARAMETER ae eee | 
je | PRN? | tes | tos 
ee A ee 


NOTE: 
1. Unused inputs should be handled as follows: 
— Set at Vin or Vit 
— Terminated to -2V 
— Tied to Veg through a resistor > 10K 
— Open 
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ECL programmable array logic ; 1OH20EV8 / 10020EV8 
LOGIC PROGRAMMING Ail packages allow Boolean and state AMAZE and SLICE only. Both AMAZE and 
The 10H20EV8/10020EV8 is fully supported equation entry formats. SNAP, ABEL and SLICE are available, free of charge, to 
by industry standard (JEDEC compatible) CUPL also accept, as input, schematic qualified users. 


PLD CAD tools, including Signetics AMAZE, capture format. To implement the desired logic functions, the 
SLICE and SNAP design software packages. —_11420E V8/10020EV8 logic designs can also _state of each logic variable from logic 
ABEL™ CUPL™ and PALASM® 90 design be generated using the program table entry equations (I, F, Q, etc.) is assigned a symbol. 
software packages also support the format detailed on the following page. This The symbols for TRUE, COMPLEMENT, 
1OH20EV8/10020EV8. program table entry format is supported by INACTIVE, PRESET, etc., are defined below. 


“AND” ARRAY - (I), (F), (Qp) 





P, 0, AP, AR 


[stare 600 ] 
[pont cané [= _| 


NOTES: 
1. This is the initial unprogrammed state of all link pairs. It is normally associated with all unused (inactive) AND gates. 
2. Any gate (P, D, AP, AR) will be unconditionally inhibited if any one of the I, F or Q link pairs is left intact. 


OUTPUT MACROCELL CONFIGURATIONS 


OUTPUT MACROCELL CONFIGURATION | CONTRO WORD | bo) arity FUSE 
H 


ices OE See 
aR as | 





1. This is the initial (unprogrammed) state of the device. 





ABEL Is a trademark of Data VO Corp. 
CUPL Is a trademark of Logical Devices, Inc. 
PALASM is a registered trademark of AMD Com. 
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10H20EV8 / 10020EV8 


ECL programmable array logic 


PROGRAM TABLE 





POLARITY 





CONTROL WORD 








Bdcdds<<\\\\\\AYANA 


eA Weikiits'<icig 


SA SRR 


iN AANA AMAA AAA AAA 


le AAAI AAR AR ARIA AAAI 


EANAANAANAAARAANAAAARAAAAN 





NAAN elsii<i<i<iief<f\VAAAAAAAAAAAAAAAAAAAAAAAARANAAARAAAANAANAAAAAAAARANAAANARAARAAAAN 
ea a ee ee ae woe ee ee 
ETE 





HATH HEE 


~ 








N\ 








NWA 


N 





anal RPE A eae HE a 











NAAAAANAAAAAAAAAANAAAAAAAAAAAAAAAAAAAANAAAAAAAAANAAAAAAN 
Re AAA AAAAAAAAAAAAAAAAAARAAAAAAAAAAAAAARAAAAAAAN 
EEE 
\ Ore \ 
NAAAAAANAAAARANAARERAR RAR See 
eft a dci<\ \\\AA\AAAAAAAAAAW 


\\eiss<iidtd<aed\\\\\\AN\AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA 


IS 







































Pew eee a eet Pre 





SWVN 
FTTAVINVA 
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ECL programmable array logic 10H20EV8 / 10020EV8 





SNAP RESOURCE SUMMARY DESIGNATIONS 


OUTPUT | | OUTPUT a OUTPUT | | OUTPUT {| OUTPUT aa OUTPUT ty OUTPUT ail OUTPUT 
P LOGIC ani LOGIC rT? LOGIC Tt LoGiIc Tt LOGIC tt LOGI ity LoGic rt? LOGIC 
SCLK: | MACROCELL MACROCELL MACROCELL MACROCELL MACROCELL MACRO MACROCELL MACROCELL 


Ic 
CEL 
Fi: 


a 





Output Logic Macrocell 
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Document No. 
ECN No. 


Date of Issue | June 1990 


Preliminary Specification 


Programmable Logic Devices 


FEATURES 
° Ultra high-speed 
-—tpep = 5ns and fuax = 118MHz 


® 100% functionally and pin-for-pin 
compatible with industry standard 
24-pin PAL ICs 


© Power-up reset function to enhance 
state machine design and testability 


© Design support provided via AMAZE 
and other CAD tools for Series 24 PAL 
devices 


© Fiald-programmable on industry 
standard programmers 


® Security fuse 

® Individual 3-State control of all outputs 
© Register preload for testability 

© Power-up 3-State 

@ 24-Pin DIP and 28-Pin PLCC 










PLQ20R8-5 Series 


PAL®-type devices 


20L8, 20R8, 20R6, 20R4 


DESCRIPTION 

The Signetics PLQ20XX family consists 
of ultra high-speed 5ns versions of 
Series 24 PAL devices. 


The PLQ20XxX family is 100% functional 
and pin-compatible with the 20L8, 20R8, 
20R6, and 20Ré4 Series devices. 


The sum of products (AND-OR) 
architecture is comprised of 64 AND 
gates and 8 fixed OR gates. Multiple 
bidirectional pins provide variable 
input/output pin ratios. Individual 3-State 
control of all outputs and registers with 
feedback (R8, R6, R4) is also provided. 
Proprietary designs can be protected by 
programming the security fuse. 


The PLQ20R8, R6, and R4 have D-type 
flip-flops which are loaded on the 
Low-to-High transition of the clock input. 


In order to facilitate state machine 
design and testing, a power-up reset 
function has been incorporated into 
these devices to reset all internal 
registers to active-Low after a specific 
period of time. 


The Signetics State-of-the-Art BICMOS 
process, known as QUBIC, has been 


INPUTS OUTPUTS OUTPUTS 


@PAL Is a registered trademark of Monolithic Memories, Inc., a wholly owned subsidiary of Advanced Micro Devicas, Inc. 
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employed to achieve higher levels of 
operating performance for the PLQ20XX 
family of PLDs. The QUBIC transistors 
have been optimized to provide 
two-thirds more speed at less than half 
the power consumed from products 
using our last generation of bipolar 
technology. QUBiC reduces on-chip 
delays and provides high output drive 
currents while consuming power at very 
low levels. 


The PLQ20XX family of devices are field 
programmable, enabling the user to 
quickly generate custom patterns using 


‘standard programming equipment. See 


the programmer chart for qualified 
programmers. 


The AMAZE software package from 
Signetics supports easy design entry for 
the PLQ20XxX series as well as other 
PLD devices from Signetics. The 
PLQ20XxX series are also supported by 
other standard CAD tools for PAL-type 
devices. 


Order codes are listed in the Ordering 
Information table. 
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PAL-type devices 
20L8, 20R8, 20R6, 20R4 


PIN CONFIGURATIONS 


PLQ20L8 


AND/OR ARRAY 


PLQ20L8 


Ig ty lo NCVecly3 07 


lg HoGNDNC fq 112 Oo 


DESCRIPTION SYMBOL 
Dedicated Input 

Dedicated combinatorial Output 

Registered output 

Bidirectional (input/output) 

Clock input 

Output Enable 

Supply Voltage 

Ground 

No Connection 


June 1990 


PLQ20R8 


. 
PY 


ct 
Ba 


EE 
ep 


AND/OR ARRAY 
EES] 


ar 


PLQ20R8 


I; lb CLK NC Vcclay Q7 


Ig Ig GNDNC OE 149 Qo 


DESCRIPTION 

Dedicated Input 

Dedicated combinatorial Output 
Registered output 

Bidirectional (input/output) 
Clock input 

Output Enable 

Supply Voltage 

Ground 

No Connection 
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PAL-type devices 
20L8, 20R8, 20R6, 20R4 





PIN CONFIGURATIONS 


PLQ20R6 


> 
< 
« 
Cc 
< 
S 
a 
z 
< 


PLQ20R6 


yy lo CLKNCVocly4 B7 


Ig lg GNDNC OE fy9 Bo 


DESCRIPTION 

Dedicated Input 

Dedicated combinatorial Output 
Registered output 

Bidirectional (input/output) 
Clock input 

Output Enable 

Supply Voltage 

Ground 

No Connection 


June 1990 


PLQ20R4 


AND/OR ARRAY 


PLQ20R4 


I fp CLKNCV¢cly By 


fg tg GNDNC OE Ip By 


DESCRIPTION 

Dedicated Input 

Dedicated combinatorial Output 
Registered output 

Bidirectional (inpuvoutput) 
Clock input 

Output Enable 

Supply Voltage 

Ground 

No Connection 
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PLQ20L8 


LOGIC DIAGRAM 
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INPUTS (0-39) 


/ Programmable connections. 


. All unprogrammed or virgin "AND" gate locations are pulled to logic “0*. 


NOTES: 
1 
2. 
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PLQ20R6 


LOGIC DIAGRAM 


ea 
8 
3 
8 
3 
g 
° 


#19 2+ 223 24e 


°15 16° 


eet 12° 





(e9-0) swH3L LONGOUd 


INPUTS (0-39) 


NOTES: 


gate locations are pulled to logic "0". 


All unprogrammed or virgin “AND” 


1 


» Programmable connections. 


2. 





124 


June 1990 


PLQ20R4 


Preliminary Specification 


PLQ20R8-5 Series 


20L8, 20R8, 20R6, 20R4 


PAL-type devices 


Philips Components-Signetics Programmable Logic Devices 


LOGIC DIAGRAM 
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INPUTS (0-39) 
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b [2H 
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Programmable connections. 


(e9-0) Swual LONdoud 


. Alf unprogrammed or virgin "AND" gate locations are pulled to logic "0". 


NOTES: 
1 
2. 
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PAL-type devices 


20L8, 20R8, 20R6, 20R4 


PLQ20R8—5 Series 





FUNCTIONAL DESCRIPTIONS 

The PLQ20XX series utilizes the familiar 
sum-of-products implementation consisting of 
a programmable AND array anda fixed OR 
array. These devices are capable of replacing 
an equivalent of four or more SSI/MSI 
integrated circuits to reduce package count 
and board area occupancy, consequently 
improving reliability and design cycle over 
Standard Cell or gate array options. By 
programming the security fuse, proprietary 
designs can be protected from duplication. 


The PLQ20XxX series consists of four 
PAL-type devices. Depending on the 
particular device type, there are a variable 
number of combinatorial and registered 
outputs available to the designer. The 
PLQ20L8 is a combinatorial part with 8 user 
configurable outputs (6 bidirectional), while 
the other three devices, PLQ20R8, 
PLQ20R6, PLQ20R4, have respectively 8, 6, 
and 4 output registers. 


3-State Outputs 

The PLQ20XxX series devices also feature 
3-State output buffers on each output pin 
which can be programmed for individual 
control of all outputs. The registered outputs 
(Qn) are controlled by an external input 
(/OE), and the combinatorial outputs (On, Bn) 
use a product term to control the enable 
function. 


AND ARRAY - (I, B) 


INACTIVE! 2 


VIRGIN STATE 


A factory shipped virgin device contains all 
fusible links intact, such that: 
1. All P, terms are disabled. 


2. All P, terms are active on all outputs. 


ABEL is a trademark of Data VO Corp. 
CUPL is a trademark of Logical Devices, Inc. 
PALASM is a registered trademark of AMD Com. 
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Programmable Bidirectional Pins 
The PLQ20XX products feature variable 
Input/Output ratios. In addition to 12 
dedicated inputs, each combinatorial output 
pin of the registered devices can be 
individually programmed as an input or 
output. The PLQ20L8 provides 14 dedicated 
inputs and 6 Bidirectional I/O lines that can 
be individually configured as inputs or 
outputs. 


Output Registers 

The PLQ20R8 has 8 output registers, the 
20R6 has 6, and the 20R4 has 4. Each 
output register is a D-type flip-flop which is 
loaded on the Low-to-High transition of the 
clock input. These output registers are 
capable of feeding the outputs of the 
registers back into the array to facilitate 
design of synchronous state machines. 


Power-up Reset 

By resetting all flip-flops to a logic Low, as the 
power is turned on, the PLQ20R8, R6, R4 
enhance state machine design and 
initialization capability. 


Register Preload 

Preload function allows the register to be 
loaded from the output pins. This feature 
allows functional testing of sequential 
patterns by loading output states. 
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Power-up 3-State 
All outputs will be disabled when Vgc is 3.0V + 


20% (25°C). This special feature keeps outputs 
3-Stated during power-up. Only when Vcc 
reaches its normal operating range will device 
function normally. 


Software Support 

Like other Programmable Logic Devices from 
Signetics, the PLQ20XX series are supported 
by AMAZE, the PC-based software 
development tool from Signetics. The 
PLQ20XX family of devices are also 
supported by standard CAD tools for PAL 
devices, including ABEL and CUPL. 


AMAZE is available free of charge to qualified 
users. 


Logic Programming 

The PLQ20XxX series is fully supported by 
industry standard (JEDEC compatible) PLD 
CAD tools, including Signetics AMAZE, 
SLICE and SNAP design software packages. 
ABEL™ CUPL™ and PALASM@ 90 design 
software packages also support the 
PLQ20XxX architecture. 


All packages allow Boolean and state 
equation entry formats. SNAP, ABEL and 
CUPL also accept, as input, schematic 
capture format. 


| wowrcane | - | 
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PAL-type devices ; 
20L8, 20R8, 20R6, 20R4 PLQ20R8-5 Series 
ORDERING INFORMATION THERMAL RATINGS 


DESCRIPTION ORDER CODE TEMPERATURE 
PLQ20R8-—5N Maximum junction 150°C 


24-Pin Plastic Dual-In-Line PLQ20R6-5N Maxi bisnt z 
300mil-wide , PLQ20R4-5N aximum ambien 


pete Allowable thermal rise 
PLQ20R8—-5A ambient to junction 75°C 


28-Pin Plastic Leaded Chip Carrier (PLCC) pieooen 


PLQ20L8-5SA 





NOTE: 

The PLQ20XxX series of devices are also processed to military requirements for operation over the 
military temperature range. For specifications and ordering information, consult the Signetics 
Military Data Book. 


ABSOLUTE MAXIMUM RATINGS! 


RATINGS 
SYMBOL PARAMETER | MIN | MAX | UNIT 


IN 





5 : 
var | Oupuvetage i 
Pin | rputeurens idm 
[eur | Oupurcuens =f ttf 


NOTE: 
1. Stresses above those listed may cause malfunction or permanent damage to the device. This 


is a stress rating only. Functional operation at these or any other condition above those 
indicated in the operational and programming specification of the device is not implied. 










OPERATING RANGES 


SYMBOL PARAMETER | MIN | MAX | 
Supply voltage : 
Operating free-air temperature 
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PAL-type devices ‘ 
20L8, 20R8, 20R6, 20R4 PLQ20R8-5 Series 





DC ELECTRICAL CHARACTERISTICS 
< Tam S +75°C, 4.75 < Veco < 5.25V 


o°c 
SYMBOL PARAMETER TEST CONDITIONS 


Input voltage 






LIMITS 


Vit Low Vv 
Vin “High Vv 
Vic Clamp -0.8 Vv 
Output voltage 


Voc = MIN, Vin = Viq or Vic 
Voi Low lot = 24mA Vv 
Vou High lon =-3.2 mA V 
-250 pA 
pA 
pA ; 
Output current 
lozy Output leakage =2. 
a8 Output leakage = *-100 
Short circuit*. 5 -130 


fe erent Sees ene en 


Capacitance® 
Ci Input 
8 pF 
I/O (B) 8 pF 
NOTES: 
. All typical values are at Voc = 5V, Tamp = +25°C. 
All voltage values are with respect to network ground terminal. 
Leakage current for bidirectional pins is the worst case of Ii, and loz, or In4 and Ioz}. 
Test one at a time. 
Duration of short circuit should not exceed 1 second. 


These parameters are not 100% tested but periodically sampled. 













Vec = MIN 
Voc = MAX 
Vcc = MIN, lin =—-18mA 
























Voc = MAX 
_ Vin = 0.40V 
Vin =2.7V 

Vin = 5.5V, Voc = MAX 











Low? 
High? 


Maximum input current 































Voc = 5V 
Vout = 2.0V 
Vout = 2V, f = 1MHz 






AAR Ow 
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PAL-type devices ; 
20L8, 20R8, 20R6, 20R4 _ PLQ20R8-5 Bere 





AC ELECTRICAL CHARACTERISTICS 
Ry = 2002, Re = 3902, 0°C < Tam < +75°C, 4.75 < Veg < 5.25V 


LIMITS 


Pulse Width 


Ties | Contin Ss—C“‘idSOC‘e OCC Cd 
a 


Setup & Hold time 
CLK+ 


Input or feedback 















Input or feedback 
CLK+ 


pm 
= 





Propagation delay 
tcxo Clock 
toKr Clock? 
top Output (20L8, R6, R4)2 


Output enable 


c 
Cc 


- 


Kt 


& 


Output enable 
Output enable4.5 Output enable 


Output disable* Output disable 


Output disable*5 Output disable 


g 
2 


9 


tepr Power-Up Reset 
Frequency (20R8, R6, R4) 


Voct 














No feedback 1/ (tex. + toxi)® | 67] Mz 
Internal feedback 1/ (tig + toxr)® Pf ta | MHz 








External feedback 1/ (tig + tcxo)® 


For definitions of the terms, please refer to the Timing/Frequency Definitions tables. 

NOTES: 

C, = OpF while measuring minimum output delays. 

tep test conditions: C, = SOpF (with jig and scope capacitance), Viy = 3V, Vi, = OV, Vou = Vor = 1.5V. 

tcxr was calculated from measured Internal fyax. ; 

For 3-State output; output enable times are tested with C, = 50pF to the 1.5V level, and S, is open for high-impedance to High tests and closed 
for high-impedance to Low tests. Output disable times are tested with C, . 5pF. High-to-High impedance tests are made to an output voltage of 
Vr = (Voy — 0.5V) with S, open, and Low-to-High impedance tests are made to the Vy = (Vo, + 0.5V) level with S, closed. 

Same function as tog; and tgp, with the difference of using product term control. 

6. Not 100% tested, but calculated at initial characterization and at any time a modification in design takes place which may affect the frequency. 


* 


PoON> 


a 
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PAL-type devices 


20L8, 20R8, 20R6, 20R4 PLQ20R8-5 Series 





TEST LOAD CIRCUIT 


NOTE: 
C1 and Co are to bypass Voc to GND. 





OUTPUT REGISTER SKEW 


Qn 
(REGISTERED OUTPUT) 


Qna4 
(REGISTERED OUTPUT) 





CLOCK TO FEEDBACK PATH 
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PAL-type devices 
20L8, 20R8, 20R6, 20R4 


PLQ20R8—5 Series 





TIMING DIAGRAMS? 2 


,B8 


4H us 
1.5V 1.5V 
tCKL 


H 
tCKP 
rrr 


4s ck 
Q NJ 
(REGISTERED OUTPUTS) QO WW 1.5V VT 
KO 


1.5V 


be 


Flip-Flop Outputs 


1,8 
(INPUTS) 


0,B 
(COMBINATORIAL 
OUTPUTS) 


LB 
(OUTPUT 
ENABLE) 


Gate Outputs 


ov 


Se rr Vor 


Q 
(REGISTERED x1. 1.5V 
OUTPUTS) 
VoL 


+3V 


1B 
(INPUTS) 
ov 


+3V 


ov 
'CKL 


§sstck 


Power-Up Reset 
NOTES: 
1. Input pulse amplitude is OV to 3V. 
2. Input rise and fall times are 2.0ns typical. 
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TIMING DEFINITIONS 


SYMBOL | PARAMETER 
Width of input clock pulse. 
Interval between clock pulses. 


Clock period. 

















Required delay between 
beginning of valid input and 
positive transition of clock. 











Required delay between 
positive transition of clock and 
end of valid input data. 












Delay between positive 
transition of clock and when 
internal output of flip-flop 
becomes valid. 













Delay between positive 
transition of clock and when 
outputs become valid (with 


OE Low). 


Delay between beginning of 
Output Enable Low and when 
outputs become valid. 













Delay between beginning of 
Output Enable High and when 
outputs are in the Off-State. 





Delay between predefined 
Output Enable High, and 
when combinational outputs 
become valid. 







Delay between predefined 
Output Enable Low and when 
combinational outputs are in 
the Off-State. 


Delay between Vcc (after 
power-on) and when flip-flop 
outputs become preset at “1” 
(internal Q outputs at “O”). 


Propagation delay between 
tp combinational inputs and 

outputs. 

Delay between each input 

change 


FREQUENCY DEFINITIONS 


No feedback: Determined by 
the minimum clock period, 
TW(texe + tcxy)- 

Internal feedback: 
Determined by the internal! 
delay from flip-flop outputs 


















toKH 
teKL 
top 
toKF 
tcxo 
tppr 
D 






through the internal feedback 
and array to the flip-flop 
inputs, 1/(tig + toxr). 

External feedback: 
Determined by clock-to-output 
delay and input setup time, 
1A(tis + texo). 
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PROGRAMMING 
The PLQ20XX Series are programmable on conventional programmers for 24-pin PAL devices. Refer to the following charts for qualified 
manufacturers of programmers and software tools: 


PROGRAMMER MANUFACTURER PROGRAMMER MODEL FAMILY/PINOUT CODES 


SYSTEM 29B, LogicPak™ 303A—V04 
DATA I/O CORPORATION 20L8-7/20L8D : 1B/26 


Tere ADAPTER 303A-011A-V08 (DIP) 20R8-7/20R8D : 18/27 
0. 303A-011B-VO04 (PLCC) 20R6-7/20R6D : 18/27 


REDMOND WASHINGTON 20073-7748" || UNISITE 40/48; V2:3 (DIP) 20R4-7/20R4D : 1B/27 


v2.5 (PLCC) 
(800)247-5700 MODEL 60, 60A/H, V.13 


1ebo WYATT Save? a ZL30/30A PROGRAMMER 20L8-7/20L8D : 
REV. 30A31 20R8-7/20R8D : 

SANTA CLARA CALIFORNIA 95054 20R6—7/20R6D : 
: PPZ PROGRAMMER 20R4-7/20R4D : 


(408)988-1118 TBA 





SOFTWARE MANUFACTURER DEVELOPMENT SYSTEM 


SIGNETICS COMPANY 

811 EAST ARQUES AVENUE 

P.O. BOX 3409 

SUNNYVALE, CALIFORNIA 94088-3409 

















AMAZE SOFTWARE 
REV. 1.8 AND LATER 


(408)991—2000 













DATA I/O 
10525 WILLOWS ROAD, N.E. 

P.O. BOX 97046 

REDMOND, WASHINGTON 98073-9746 













ABEL™ SOFTWARE 
REV. 1.0 AND LATER 


(800)247-5700 












LOGICAL DEVICES, INC. 
1201 NORTHWEST 65TH PLACE 
FORT LAUDERDALE, FLORIDA 33309 










CUPL™ SOFTWARE 
REV. 1.01 AND LATER 





(800)33 1-7766 
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Preliminary Specification 


Programmable Logic Devices 


DESCRIPTION 

The PLQ22V10 is a versatile PAL-type 
device fabricated through the use of our 
BiCMOS process known as QUBIC. 
This is an excellent device where fast 
propagation delays are required. 


The PLQ22V10 uses the familiar 
AND/OR logic array structure, which 
allows direct implementation of 
sum-of-product equations. This device 
has a programmable AND array driving 
a fixed OR array. This AND array is 
programmed to create custom product 
terms while the fixed OR array sums 
selected terms at the output. 


The OR sum of the products feeds the 
“Output Macro Cell” (OMC) which can 
be individually configured as a dedicated 
input, a combinatorial output, or a 
registered output with internal feedback. 
In other words, the architecture provides 
maximum design flexibility by allowing 
the Output Macro Cell to be configured 
by the user. 


This device is pin and JEDEC file 
compatible with industry standard 22V10 
and can be used in all standard 
applications where speed is to be 
maximized. 


Order codes can be found in the 
Ordering Information table. 





PLQ22V10-7 


BiCMOS versatile PAL®-type device 


FEATURES 

© Ultra fast 7.5ns tpp and 6ns tcxo 

@ Pin and JEDEC file compatible to 
industry standard 22V10 

@ 24-Pin Versatile Programmable Array 
Logic 

® 10 input/output macro cells for 
architectural flexibility 


© Varied product term distribution with 
up to 16 product terms per output for 
complex functions 


@ Programmable output polarity 
© Power-up reset on all registers 


@ Synchronous Preset/ 
Asynchronous Reset 


© Programmable on standard PAL-type 
device programmers 


® Design support provided using SNAP 
or SLICE software development 
packages and other CAD tools for 
PLDs 


@ Available in 300mil-wide 24-Pin Plastic 


DIP and 28-Pin PLCC 


APPLICATIONS 
@ DMA contro! 


© State machine implementation 

© High speed graphics processing 

© Counters/shift registers 

© SSI/MSI random logic replacement 


© High speed memory decoder 


@PAL is a registered trademark of Monolithic Memories, Inc., a wholly owned subsidiary of Advanced Micro Devices, Inc. 
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PIN CONFIGURATIONS 
F and N Packages 


N « Plastic DIP (300mil-wide) 
F = Ceramic DIP (300mil-wide) 


A Package 


CLK/ 
12,119 10 NC Vcc FO FB 


19 110 GNO NC 111 FO F1 
A = Plastic Leaded Chip Carrier 





PIN LABEL DESCRIPTIONS 


i=i1t | Dedicatedieput 









Philips Components—Signetics Programmable Logic Devices Preliminary Specification 





BiCMOS versatile PAL-type device : PLQ22V10—7 





LOGIC DIAGRAM 
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= Programmable connection. 
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FUNCTIONAL DESCRIPTION 

The PLQ22V10 allows the systems engineer 
to implement the design on-chip, by opening 
fuse links to configure AND and OR gates 
within the device, according to the desired 
logic function. 


Product terms with all fuses opened assume 
the logical HIGH state; product terms 
connected to both True and Complement of 
any single input assume the logical LOW 
state. 


The PLQ22V10 has 12 inputs and 10 I/O 
Macro Cells (Figure 1.). The Macro Cell 
allows one of four potential output 
configurations, registered output or 
combinatorial 1/O, Active-HIGH or 
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Active-LOW (see Figure 2.). The 
configuration choice is made according to the 
user's design specification and corresponding 
programming of the configuration bits Sg — 
S,. Multiplexer controls are connected to 
ground (0) through a programmable fuse link, 
selecting the “0” path through the multiplexer. 
Programming the fuse disconnects the 
control line from GND and it floats to Vcc (1), 
selecting the “1” path. 


The device is produced with a fuse link at 
each input to the AND gate array, and 
connections may be selectively removed by 
applying appropriate voltages to the circuit. 
Utilizing an easily-implemented programming 
algorithm, these products can be rapidly 
programmed to any customized pattern. 


PROGRAMMABLE 
AND ARRAY 
(44 x 132) 


OUTPUT| 
> MACRO 


Figure1. Functional Diagram 


136 


Preliminary Specification 
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Information on approved programmers can 
be found in the Programmer Reference 
Guide. Extra test fuses are pre-programmed 
during manufacturing to ensure extremely 
high field programming yields, and provide 
extra test paths to achieve excellent 
parametric correlation. 


Variable Input/Output Pin Ratio 
The PLQ22V10 has twelve dedicated input 
lines, and each Macro Cell output can be an 
V/O pin. Buffers for device inputs have 
complementary outputs to provide 
user-programmable input signal polarity. 
Unused input pins should be tied to Vcc or 
GND. 


OUTPU 


>MACR 


PRESET 
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OUTPUT MACRO CELL 


Unprogrammed fuse 
Programmed fuse 


Figure 2. Output Macro Cell Logic Diagram 


c. Combinatorial/Active-LOW 


b. Registered/Active-HIGH d. Combinatorial/Active-HIGH 





Figure 3. 


Registered Output Configuration | Combinatorial I/O Configuration 
Each Macro Cell of the PLQ22V10 includes a = Any Macro Cell can be configured as 

D-type flip-flop for data storage and combinatorial by selecting the multiplexer 
synchronization. The flip-flop is loaded on the _ path that bypasses the flip-flop (S; = 1). In 
LOW-to-HIGH transition of the clock input.{n the combinatorial configuration, the feedback 
the registered configuration (S; = 0), the is from the pin. 

array feedback is from Q of the flip-flop. 
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ORDERING INFORMATION 







DESCRIPTION 


ORDER CODE 
24-Pin Plastic Dual-In-Line 


300mil-wide PLQ22V10-7N 
24-Pin Ceramic Dual-In-Line 
300mil-wide : PLQ22V10-7F 


28-Pin Plastic Leaded Chip Carrier (PLCC) PLQ22V10-7A 


ABSOLUTE MAXIMUM RATINGS! 


SYMBOL PARAMETER 
















lout 


NOTE: 








aa 
a 


THERMAL RATINGS 


Il ble th lrise 








ambient to junction 


1. Stresses above those listed may cause malfunction or permanent damage to the device. This is a stress rating only. Functional operation at these 
or any other condition above those indicated in the operational and programming specification of the device is not implied. 


OPERATING RANGES 


SYMBOL . PARAME 





TER 








Operating free-air temperature 
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DC ELECTRICAL CHARACTERISTICS Over commercial operating range unless otherwise specified. 


aon 
SYMBOL PARAMETER TEST CONDITIONS! UNIT 


Input voltage 


Vit Low. Voc = MIN V 
High Vee = 
ec Ts 


Output voltage 

























Veco = MIN, Vin = Vin or Vi 
lo, = 16mA 
lox =-3.2 mA 










Vor Low 
Vou High 
Voc = MAX 
Vin = 0.40V 
Vin = 0.40V 
Vin =2.7V 
Vin = 5.5V 














ht 
(except Pin 1) 
ly (Pin 1) 


Low — 





Low 
High 


Maximum input current 






















Output current 








Voo = MAX 
Vin = Vit or Vin, Vout = 2.7V 
Vin = Vir or Vins Vout = 0.4V 
Vout = 0.5V 





Output leakage? 
Output leakage? 


Short circuit? 


pe Voc supply current 


toe 
These are absolute values with respect to device ground and all overshoots due to system or tester noise are included. 

Zi No more than one output should be tested at a time. Duration of the short-circuit test should not exceed one second. Vout = 0.5V has been 
chosen to avoid test problems caused by tester ground degradation. 

3. I/O pin leakage is the worst case of Iozx or |x (where X = H or L). 
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AC ELECTRICAL CHARACTERISTICS Over commercial operating range unless otherwise specified. 


canoe 
Input or feedback to non-registered output? 
oe seen 


Setup time from input, feedback or SP to Clock 









UNIT 





te 

| | Holdtime 
| too. | Clock tooutpt 
| tor 
[tea | 
| tan | 






tian | Aaynetronaus Resetresoveyine 


| tw | Width of Clock LOW 
Maximum frequency; 
External feedback 1/(ts + tco)* 
4 






ns 
ns 


87 


Maximum frequency; 
Internal feedback 1/(ts + tor) 125 
Lita Input to Output Enable5 Be | 
Input to Output Disable> se 


Capacitance® 


Cw Input Capacitance (Pin 1) Vin = 2.0V Vcc 
Input Capacitance (Others) Vin = 2.0V 
Output Capacitance Vout = 2.0V 


NOTES: 

Commercial Test Conditions: Ry = 3009, Ro = 3902 (see Test Load Circuit). 

top is tested with switch S, closed and C, = 50pF (including jig capacitance). V4 = 3V, Vi_ = OV, Vr = 1.5V. 

Calculated from measured fyax internal. } 

These parameters are not 100% tested, but are calculated at initial characterization and at any time the design is modified where frequency 

may be affected. 

For 3-State output; output enable times are tested with C, = 50pF to the 1.5V level, and S, is open for high-impedance to High tests and 

closed for high-impedance to Low tests. Output disable times are tested with C, . 5pF. High-to-High impedance tests are made to an output 

voltage of Vz = (Voy — 0.5V) with S, open, and Low-to-High impedance tests are made to the Vy = (Vo, + 0.5V) level with S,; closed. 

6. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modifed where capacitance 
may be affected. 











Fon> 


an 


TEST LOAD CIRCUIT ‘VOLTAGE WAVEFORM 


INPUTS 


MEASUREMENTS: 
All circuit delays are measured at the +1.5V level of 
inputs and outputs, unless otherwise specified. 


NOTE: 
C1 and C2 are to bypass Voc to GND. 





Input Pulses 
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SWITCHING WAVEFORMS 


INPUT OR INPUT OR 
FEEDBACK FEEOBACK 


COMBINATORIAL 
OUTPUT 


CLOCK 


‘ REGISTERED 
Combinatorial Output OUTPUT 


ts +tcr 
2 Vr 


Clock to Feedback (hice Internal) 
(See Path at Right) 


OUTPUT 


Clock Width 


INPUT ASSERTING INPUT ASSERTING 
ASYNCHRONOUS SYNCHRONOUS 
RESET PRESET 


“ana YXXD) 


REGISTERED 
OUTPUT 


Asynchronous Reset Synchronous Preset 


NOTES: 

1. Vy = 1.5V. 

2. Input pulse amplitude OV to 3.0V. 
3. Input rise and fall times 2.5ns max. 
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Programmable 3-State Outputs 
Each output has a 3-State output buffer with 
3-State control. A product term controls the 
buffer, allowing enable and disable to be a 
function of any product of device inputs or 
output feedback. The combinatorial output 
provides a bidirectional !/O pin, and may be 
configured as a dedicated input if the buffer is 
always disabled. 


Programmable Output Polarity 
The polarity of each macro cell output can be 
Active-HIGH or Active-LOW, either to match 
output signal needs or to reduce product 
terms. Programmable polarity allows Boolean 
expressions to be written in their most 
compact form (true or inverted), and the 
output can still be of the desired polarity. It 
can also save “DeMorganizing” efforts. 


Selection is controlled by programmable bit 
So in the Output Macro Cell, and affects both 
registered and combinatorial outputs. 
Selection is automatic, based on the design 
specification and pin definitions. If the pin 
definition and output equation have the same 
polarity, the output is programmed to be 
Active-HIGH (So = 1). 


Preset/Reset 

For initialization, the PLQ22V10 has 
additional Preset and Reset product terms. 
These terms are connected to all registered 
outputs. When the Synchronous Preset (SP) 
product term is asserted high, the output 
registers will be loaded with a HIGH on the 
next LOW-to-HIGH clock transition. When the 
Asynchronous Reset (AR) product term is 
asserted high, the output registers willbe 
immediately loaded with a LOW independent 
of the clock. 


ABEL ts a trademark of Data YO Com. 
CUPL is a trademark of Logica! Devices, Inc. 
PALASM is a registered trademark of AMD Corp. 
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Note that Preset and Reset control the 
flip-flop, not the output pin. The output level is 
determined by the output polarity selected. 


Power-Up Reset 

All flip-flops power-up to a logic LOW for 
predictable system initialization. Outputs of 
the PLQ22V10 will depend on the 
programmed output polarity. The Vcc rise 
must be monotonic and the reset delay time 
is 1-10ps maximum. 


Register Preload 

The register on the PLQ22V10 can be 
preloaded from the output pins to facilitate 
functional testing of complex state machine 
designs. This feature allows direct loading of 
arbitrary states, making it unnecessary to 
cycle through long test vector sequences to 
reach a desired state. In addition, transitions 
from illegal states can be verified by loading 
illegal states and observing proper recovery. 


Security Fuse 

After programming and verification, a 
PLQ22V10 design can be secured by 
programming the security fuse link. Once 
programmeg, this fuse defeats readback of 
the internal programmed pattern by a device 
programmer, securing proprietary designs 
from competitors. When the security fuse is 
programmed, the array will read as if every 
fuse is programmed. 


Quality and Testability 

The PLQ22V10 offers a very high level of 
built-in quality. Extra programmable fuses 
provide a means of verifying performance of 
all AC and DC parameters. In addition, this 
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verifies programmability and functionality of 
the device to provide the highest 
programming and post-programming 
functional yields. 


Technology 

The BICMOS PLQ22V10 is fabricated with 
the Philips Components—Signetics process 
known as QUBiC. QUBiC combines an 
advanced, state-of-the-art 1.0um (drawn 
feature size) CMOS process with an ultra fast 
bipolar process to achieve superior speed 
and drive capabilities. QUBiC incorporates 
three layers of Al/Cu interconnects for 
reduced chip size, and our proven Ti-W fuse 
technology ensures highest programming 
yields. 


Programming 

The PLQ22V 10-7 is fully supported by 
industry standard (JEDEC compatible) PLD 
CAD tools, including Signetics' SLICE and 
SNAP design software packages. ABEL™ 
CUPL™ and PALASM@ 90 design software 
packages also support the PLQ22V10-7 


_ architecture. 


All packages allow Boolean and state 
equation entry formats. SNAP, ABEL and 
CUPL also accept, as input, schematic 
capture format. 


PLQ22V10-7 logic designs can also be 
generated using the program table entry 
format, which is detailed on the following 
pages. This program table entry format is 
supported by SLICE only. The SLICE design 
package is available, free of charge, to 
qualified users. 
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OUTPUT REGISTER PRELOAD 3. Apply the desired value (Vi_p/Viyp) to all 6. Lower Pin 2 or 3 to Viip. 

The preload function allows the registers to oe a pasa Leave combinato- = > Eble the output registers according to 
oe Use pins. ball csaek put pins g. the programmed pattern. 

aids functional testing of sequential designs 4. Clock Pin 1 from V to Viup. : : 

by allowing direct setting of output states. ai ie 8. Verify VoL/Von at all registered output 
The procedure for preloading follows: 5. Remove Viip/Vinp from all registered out- pins. Note that the output pin signal will 
1. Raise Vcc to 5.0V + 0.25V. put pins. depend on the output polarity. 


2. Set Pin 2 or 3 to Vy to disable outputs 
and enable preload. 


SYMBOL PARAMETER 


| Vin | Super-level input voltage Teri 
Low-level input voltage oe 


LIMITS 

















feel gee ee et 
CSTE 


REGISTERED CLL LL (| 
OUTPUTS WAAA 


Output Register Preload Waveform 
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“AND” ARRAY - (1, B) 


‘(osm eove) | (state coe 
[powrcane |__| 





NOTE: 
1. This is the initial state. 


POWER-UP RESET parameter table are shown below. Due to the . 1. The Vcc rise must be monotonic. 


The power-up reset feature ensures that all synchronous operation of the power-up reset Following reset, the clock input must not 
flip-flops will be reset to LOW after the device and the wide range of ways Vcc can rise to be driven from LOW to HIGH until all 

; i its steady state, two conditions are required : : 2 
has been powered up. The output state will 3 applicable input and feedback setup times 
depend on the programmed pattern. This to ensure a valid power-up reset. These are met. 


feature is valuable in simplifying state conditions are: 
machine initialization. A timing diagram and : 













fie ee 
A, 
i 
cere ee 






REGISTERED 
ACTIVE-LOW 
OUTPUT 


WL 


Power-Up Reset Waveform 
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PROGRAMMING 


The PLQ22V10 Series are programmable on conventional programmers for 24-pin PAL devices. Refer to the following charts for qualified 


manufacturers of programmers and software tools: 


PROGRAMMER MANUFACTURER 


DATA 1/0 CORPORATION 

10525 WILLOWS ROAD, N.E. 

P.O. BOX 97046 

REDMOND, WASHINGTON 98073-9746 


(800)247-5700 


STAG MICROSYSTEMS, INC. 

1600 WYATT DRIVE 

SUITE 3 

SANTA CLARA, CALIFORNIA 95054 


(408)988-1118 


PROGRAMMER MODEL 


_ FAMILY/PINOUT CODES 


SYSTEM 29B, LogicPak™ 303A-V04 


ADAPTER 303A-011A-V08 (DIP) 
303A-011B-V04 (PLCC) 
UNISITE 40/48, V2.3 (DIP) 
V2.5 (PLCC) 
MODEL 60, 60A/H, V.13 


22V10 : TBD 


ZL30/30A PROGRAMMER 
REV. 30A31 
22V10 : TBD 
PPZ PROGRAMMER 
TBA 


SOFTWARE MANUFACTURER DEVELOPMENT SYSTEM 


SIGNETICS COMPANY 

811 EAST ARQUES AVENUE 

P.O. BOX 3409 

SUNNYVALE, CALIFORNIA 94088-3409 


(408)991—2000 


DATA I/O 

10525 WILLOWS ROAD, N.E. 

P.O. BOX 97046 

REDMOND, WASHINGTON 98073-9746 


(800)247-5700 


LOGICAL DEVICES, INC. 
1201 NORTHWEST 65TH PLACE 
FORT LAUDERDALE, FLORIDA 33309 


(800)331-7766 
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SLICE 1.0 AND LATER 
SNAP 1.6 AND LATER 


ABEL™ SOFTWARE 
REV. 1.0 AND LATER 


CUPL™ SOFTWARE 
REV. 1.01 AND LATER 
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PROGRAM TABLE 





POLARITY, 


CONTROL WORD 
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SNAP RESOURCE SUMMARY DESIGNATIONS 


PROGRAMMABLE 
AND ARRAY 
(44 x 132) 


ae 


OUTPUT! OUTPUTE | OUTPUTT | OUTPUTT OUTPUTT OUTPUT OUTPUT| OUTPUT, OUTPUT| OUTPUT 
L waco 


macrol-|-bwacroltbmacrol| LmacroltbwacrolL macrol_t-bmacroltbmacrol| macro 
P CELL sass is CELL Hse CELL rH CELL Hse cette || [ ceu rH CELL rH sae CELL rH se CELL rH a CELL 


ce 


O 
CNINVI0. 


Output Macro Cell 
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FEATURES 
® Ultra high-speed 
— tpp = 7.5ns and fyax = 74MHz for 
the PLUS20R8-7 Series 
— tpp = 10ns and fuax = 60 MHz for 
the PLUS20R8D Series 
® 100% functionally and pin-for-pin 
compatible with industry standard 
24-pin PAL ICs 


© Power-up reset function to enhance 
state machine design and testability 


Date of Issue 


© Design support provided via AMAZE 
and other CAD tools for Series 24 PAL 
devices 


® Field-programmable on industry 
standard programmers 


® Security fuse 


® Individual 3-State control of all outputs 











DEVICE NUMBER DEDICATED 
INPUTS 


paseo 
oO 
[ruses [ed 


PLUS20R8D/-7 Series 


PAL®-type devices 


20L8, 20R8, 20R6, 20R4 


DESCRIPTION 

The Signetics PLUS20XX family 
consists of ultra high-speed 7.5ns and 
10ns versions of Series 24 PAL devices. 


The PLUS20XxX family is 100% 
functional and pin-compatible with the 
20L8, 20R8, 20R6, and 20R4 Series 
devices. , 


The sum of products (AND-OR) 
architecture is comprised of 64 AND 
gates and 8 fixed OR gates. Multiple 
bidirectional pins provide variable 
input/output pin ratios. Individual 3-State 
control of all outputs and registers with 
feedback (R8, R6, R4) is also provided. 
Proprietary designs can be protected by 
programming the security fuse. 


The PLUS20R8, R6, and R4 have 
D-type flip-flops which are loaded on the 
Low-to-High transition of the clock input. 


In order to facilitate state machine 
design and testing, a power-up reset 
function has been incorporated into 





®@PAL is a registered trademark of Monolithic Memories, Inc., a wholly owned subsidiary of Advanced Micro Devices, Inc. 
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COMBINATORIAL REGISTERED 
OUTPUTS OUTPUTS 
) 


these devices to reset all internal 
registers to active-Low after a specific 
period of time. 


The Signetics State-of-the-Art oxide 
isolation Bipolar fabrication process is 
employed to achieve high-performance 
operation. 


The PLUS20XxX family of devices are 
field programmable, enabling the user to 
quickly generate custom patterns using 
standard programming equipment. See 
the programmer chart for qualified 
programmers. 


The AMAZE software package from 
Signetics supports easy design entry for 
the PLUS20XX series as well as other 
PLD devices from Signetics. The 
PLUS20XxX series are also supported by 
other standard CAD tools for PAL-type 
devices. 


Order codes are listed in the Ordering 
Information table. 
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PAL-type devices 
20L8, 20R8, 20R6, 20R4 


PIN CONFIGURATIONS 


PLUS20L8 


> 
« 
ce 
< 
S 
a 
z 
< 


PLUS20L8 


kp ty to NCVocl3 O7 


lg IoGNONC Iq 142 Op 


DESCRIPTION 

Dedicated Input 

Dedicated combinatorial Output 
Registered output 

Bidirectional (input/output) 
Clock input 

Output Enable 

Supply Voltage 

Ground 

No Connection 


SYMBOL 
t 
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PLUS20R8 


F 


AND/OR ARRAY 


eae 


@ 


PLUS20R8 


Hy Ip CLKNCV och Q7 


Ig Ig GNDNC DE 149 Oy 


DESCRIPTION 

Dedicated Input 

Dedicated combinatorial Output 
Registered output 

Bidirectional (input/output) 
Clock input 

Output Enable 

Supply Voltage 

Ground 

No Connection 
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PLUS20R8D/-—7 Series 
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PAL-type devices 


20L8, 20R8, 20R6, 20R4 PLUS20R8D/~7 Series 


PIN CONFIGURATIONS 


PLUS20R6 PLUS20R4 


> 
% % 
fod c 
c ec 
< < 
S S 
a a 
z z 
< < 


PLUS20R6 PLUS20R4 


iy Ig CLKNCVocly, Bz 1) ly CLKNCVochyy Bz 


Ig 1g GNONC DE Iyg Bo Ig Ig GNDNC DE lig Bz 


SYMBOL DESCRIPTION SYMBOL DESCRIPTION 





Dedicated Input 

Dedicated combinatorial Output 
Registered output 

Bidirectional (input/output) 
Clock input 

Output Enable 

Supply Voltage 

Ground 

No Connection 
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Dedicated Input 

Dedicated combinatorial Output 
Registered output 

Bidirectional (input/output) 
Clock input 

Output Enable 

Supply Voltage 

Ground 

No Connection 
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PLUS20L8 


35 Be 0D 


8 
3 
a 
5 
z 
: 
g 
= 


etl 12° 615 16+ 


207 


(9-0) SWHAL LONdGOYd 


LOGIC DIAGRAM 


©35 36+ 939 


#19 20° +23 24+ +27 Be 31 Bs 


*1S 16° 


eM 12° 


°7 


0-++3 4. 


INPUTS (0-39) 


NOTES: 
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_ Programmable connections. 


. All unprogrammed or virgin “AND” gate locations are pulled to logic “0”. 


1 
2, 
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PAL-type devices 


PLUS20R8D/-—7 Series 


20L8, 20R8, 20R6, 20R4 


PLUS20R8 


LOGIC DIAGRAM 


: 
8 
. 
8 
: 
a 
: 
z 
3 
g 


215 16 


ell 126 


Serer 


R 
Ry 
2 

ha 


Pre 
BEseeee 
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#35 Ys +39 


*31 Re 


219 20+ 23 24¢ +27 28+ 


Ah 
Ty 
tT 
rr 
ro 
rr 
rr 
cry 
ro 
rT 
on 
Lt 
cr 
rr 
Cr] 
ro 
co 
Ty 
i! 
Hy 
nT 
rr 
ae 
rr 
Cr 
rr 
INPUTS (0-39) 


= «15 18+ 


Hoo 
Ht 
"12 


|. Programmable connections. 


(e9-0) snuaL LONGOUd 


- _All unprogrammed or virgin “AND” gate locations are pulled to logic “0”. 


NOTES: 
1 
2. 





153 


June 14, 1990 


Product Specification 


Philips Components—Signetics Programmable Logic Devices 


“ 
@ 
<= 
® 
wo) 
i 
t 
a) 
cO 
oc 
oO 
a 
Yv) 
_ 
wl 
Oo. 
+ 
o 
oO 
N 
” n" 
® cr 
Lo 
aN 
oo 
o & 
2° 
aN 
2a 
oO 
Qn 


PLUS20R6 


A 
| 4 


8 
8 
3 
8 
3 
g 
: 
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= 





*15 16° 


oi t2- 


(e9-0) SWY31 LONGOYd 


LOGIC DIAGRAM 


ig [S}HS rh 


227 Be 31 Re +35 36+ +39 


+23 24+ 


ell 12°15 16+ ©19 20+ 


a7 


INPUTS (0-39) 


NOTES: 


gate locations are pulled to logic "0". 


_ Programmable connections. 


- All unprogrammed or virgin “ANO* 


1 
28 
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PLUS20R8D/-—7 Series 


20L8, 20R8, 20R6, 20R4 


PAL-type devices 


Philips Components—Signetics Programmable Logic Devices 


PLUS20R4 


° #39 


°31 32° 935 Se +39 
+3 36 


+27 Be +31 3- 


at 
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°23 24+ 


INPUTS (0-39) 


219 20+ 


#19 20+ +23 24> 


“15 16 





2°15 16° 


12 
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Programmable connections. 


{e9-0) swual LONdOud 


. All unprogrammed or virgin "AND" gate locations are pulled to logic “0”. 


NOTES: 
1 
2. 
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PAL-type devices 


20L8, 20R8, 20R6, 20R4 


PLUS20R8D/-7 Series 





FUNCTIONAL DESCRIPTIONS 

The PLUS20XxX series utilizes the familiar 
sum-of-products implementation consisting of 
a programmable AND array anda fixed OR 
array. These devices are capable of replacing 
an equivalent of four or more SS!/MSI 
integrated circuits to reduce package count 
and board area occupancy, consequently 
improving reliability and design cycle over 
Standard Cell or gate array options. By 
programming the security fuse, proprietary 
designs can be protected from duplication. 


The PLUS20XX series consists of four 
PAL-type devices. Depending on the 
particular device type, there are a variable 
number of combinatorial and registered 
outputs available to the designer. The 
PLUS20L8 is a combinatorial part with 8 user 
configurable outputs (6 bidirectional), while 
the other three devices, PLUS20R8, 
PLUS20R6, PLUS20R4, have respectively 8, 
6, and 4 output registers. 


3-State Outputs 

The PLUS20XxX series devices also feature 
3-State output buffers on each output pin 
which can be programmed for individual 
control of all outputs. The registered outputs 
(Qn) are controlled by an external input 


AND ARRAY - (I, B) 


INACTIVE! 2 


VIRGIN STATE 

A factory shipped virgin device contains all 
fusible links intact, such that: 

1. All outputs are at “H” polarity. 


2. All P,, terms are disabled. ~ 


3. All P, terms are active on all outputs. 





ABEL s a trademark of Data /O Corp. 
CUPL is a trademark of Logical Devices, Inc. 
PALASM is a registered trademark of AMD Corp. 
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(/OE), and the combinatorial outputs (On, Bn) 
use a product term to control the enable 
function. 


Programmable Bidirectional Pins 
The PLUS20XX products feature variable 
Input/Output ratios. In addition to 12 
dedicated inputs, each combinatorial output 
pin of the registered devices can be 
individually programmed as an input or 
output. The PLUS20L8 provides 14 dedicated 
inputs and 6 Bidirectional 1/O lines that can 
be individually configured as inputs or 
outputs. 


Output Registers 

The PLUS20R8 has 8 output registers, the 
20R6 has 6, and the 20R4 has 4. Each 
output register is a D-type flip-flop which is 
loaded on the Low-to-High transition of the 
clock input. These output registers are 
capable of feeding the outputs of the 
registers back into the array to facilitate 
design of synchronous state machines. 


Power-up Reset 

By resetting all flip-flops to a logic Low, as the 
power is turned on, the PLUS20R8, R6, R4 
enhance state machine design and 
initialization capability. 
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Software Support 

Like other Programmable Logic Devices from 
Signetics, the PLUS20XxX series are 
supported by AMAZE, the PC-based software 
development tool from Signetics. The 
PLUS20XX family of devices are also 
supported by standard CAD tools for PAL 
devices, including ABEL and CUPL. 


AMAZE is available free of charge to qualified 
users. 


Logic Programming 

The PLUS20XxX series is fully supported by 
industry standard (JEDEC compatible) PLD 
CAD tools, including Signetics AMAZE, 
SLICE and SNAP design software packages. 
ABEL™ CUPL™ and PALASM® 90 design 
software packages also support the 
PLUS20XxX architecture. 


All packages allow Boolean and state 
equation entry formats. SNAP, ABEL and 
CUPL also accept, as input, schematic 
capture format. 


[state [660 ] 
[wowteane [ - | 
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PAL-type devices 
20L8, 20R8, 20R6, 20R4 


ORDERING INFORMATION 


DESCRIPTION ORDER CODE 


PLUS20R8DN 
PLUS20R6DN 
PLUS20R4DN 
PLUS20L8DN 
PLUS20R8-7N 
PLUS20R6-7N 
PLUS20R4-7N 
PLUS20L8-7N 


PLUS20R8DA 
PLUS20R6DA 
PLUS20R4DA 
PLUS20L8DA 
PLUS20R8-7A 
PLUS20R6-7A 
PLUS20R4-7A 
PLUS20L8-7A 


24-Pin Plastic Dual-In-Line 
300mil-wide 


28-Pin Plastic Leaded Chip Carrier (PLCC) 





NOTE: 

The PLUS20XxX series of devices are also processed to military requirements for operation over 
the military temperature range. For specifications and ordering information, consult the Signetics 
Military Data Book. 


ABSOLUTE MAXIMUM RATINGS! 


RATINGS 
SYMBOL PARAMETER UNIT 


an ma 
A 
a 
cur | ovputewnens «|_| too | ma | 


NOTE: 

1. Stresses above those listed may cause malfunction or permanent damage to the device. This 
is a stress rating only. Functional operation at these or any other condition above those 
indicated in the operational and programming specification of the device is not implied. 






OPERATING RANGES 


RATINGS 
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Product Specification 


PLUS20R8D/-7 Series 


THERMAL RATINGS 


TEMPERATURE 
7 


Allowable thermal rise 
5°C 


ambient to junction 
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PAL-type devices 


20L8, 20R8, 20R6, 20R4 PLUS20R8D/-7 Series 





DC ELECTRICAL CHARACTERISTICS 
0°C < Ta $ +75°C, 4.75 = Voc s5.25V 


LIMITS 
SYMBOL PARAMETER TEST CONDITIONS 


aerial i 
input voltage? 


Vic ; ae ; Voc = MIN 0.8 Vv 
Vi i Voc = MAX Vv 
Vic Voc = MIN, lin = —-18MA -0.8 -1.5 Vv 


Output voltage 
Voc = MIN, Vin = Vin oF Vi 
Voi Low lo, = 24mA ¥ 
Vou High loy = -3.2mA Vv 
Voc = MAX 

tie Low? Vin = 0.40V pA 
hu High? Vin =2.7V pA 
I Maximum input current Vin = Voc = Vecmax at pA 


Output current 


Veco = MAX 
lozH Output leakage Vout = 2.7V 
ie Output leakage . Voy = 0.4V -100 
Short circuit 45 Vour = OV 


eg eeeeeeet | eee ee oa 









































Capacitance® 
Cin Input Voc = 5V 
wie Loe [ote 
Cg VO (B) Vout = 2V, f = 1MHz . 8 pF 
NOTES: : 


1, All typical values are at Voc = 5V, Tam = +25°C. 

2. All voltage values are with respect to network ground terminal. 

3. Leakage current for bidirectional pins is the worst case of I, and loz, or Iny and lozy. 
4. Test one at a time. 

5. Duration of short circuit should not exceed 1 second. 

6. These parameters are not 100% tested but periodically sampled. 
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PAL-type devices 5 
20L8, 20R8, 20R6, 20R4 PLUS20R8D/-7 Series 





AC ELECTRICAL CHARACTERISTICS 
Ry = 2009, R2 = 3900, 0°C < Tamb < +75°C, 4.75 < Voc <5.25V 


SYMBOL PARAMETER TO Plait UNIT 
| mint | tye | max | mint | MAX | 


Peo [conn «oe | « [s] | ~?7] [= 
Pca | Gookiow if ee fs | | UP | 
Pear [Poms it cm i CP oY CT Cd wh PU | 


Setup & Hold time 
Input or 
Input or 


Propagation delay 
Clock Oke pe eee Ps | 
Clock! of os Tes Tins 
Curput(zoue,A6Ra? | LB | ouput | os || 7s | sf to | ns 
Output enablet | Oupurenablo | 3 | |e | 3 | wo | ns | 
Fouputerabie | 3 | | © | s | 0 | ms 
[ Oupurdisable | 9 | |e | 8 | | ns 
Oupurdsable | 3 | | wo | es { o | ne | 
fae a 
tppR 


ae a a eee 
Frequency (20R8, R6, R4) 


Nofeeback Vea ei? eee 
tux | ital oaback Us «oa? se 
Enema oedback s+ oP ee 


For definitions of the terms, please refer to the Timing/Frequency Definitions tables. 
NOTES: 































& 


KO 
toKF 
tp 


oO 


Output enable*.5 
Output disable* 
Output disable*4 


Power-Up Reset 


< 
8 

+ 

+ 























* 


1. CL =OpF while measuring minimum output delays. 

2. tep test conditions: CL = 50pF (with jig and scope capacitance), Viy = 3V, Vit = OV, Vou = Vor = 1.5V. 

3. tcxe was calculated from measured Internal fyax. 

4. For 3-State output; output enable times are tested with C, = 50pF to the 1.5V level, and S, is open for high-impedance to High tests and closed 
for high-impedance to Low tests. Output disable times are tested with C, . 5pF. High-to-High impedance tests are made to an output voltage of 
Vr = (Von — 0.5V) with S; open, and Low-to-High impedance tests are made to the Vz = (Vo, + 0.5V) level with S, closed. 

5. Same function as tog; and top, with the difference of using product term control. 


6. Not 100% tested, but calculated at initial characterization and at any time a modification in design takes place which may affect the frequency. 
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PAL-type devices 7 
20L8, 20R8, 20R6, 20R4 PLUS20R8D/-7 Series 


TEST LOAD CIRCUIT 


INPUTS 


NOTE: ‘ 
Cy and Co are to bypass Vcc to GND. 





OUTPUT REGISTER SKEW 


Qn 
(REGISTERED OUTPUT) 


One 4 
(REGISTERED OUTPUT) 





CLOCK TO FEEDBACK PATH 
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PAL-type devices 
20L8, 20R8, 20R6, 20R4 


PLUS20R8D/-7 Series 





TIMING DIAGRAMS? 2 


1B 
(INPUTS) 
ts 


1.5V 1.5V 


H teKL 
cK 


WK 


1.5V 


Flip-Flop Outputs 


Q 
(REGISTERED OUTPUTS) 


1B 
(INPUTS) 


ra 


0,B 
(COMBINATORIAL 
OUTPUTS) 


LB 
(OUTPUT 
ENABLE) 


Gate Outputs 


ov 


SS rm Von 


tppR 
SY 1.5V 1.5V 


8 ! 
ov 
tH tis 
1.5V i 


Q 
(REGISTERED 
OUTPUTS) 
VoL 


+V 


+3V 
1.5V 


ov 
tek 'CKL 


Us.tcK 





Power-Up Reset 


NOTES: 
1. Input pulse amplitude is OV to 3V. 
2. Input rise and fall times are 2.5ns. 
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TIMING DEFINITIONS 


Required delay between 
beginning of valid input and 
positive transition of clock. 


tcKH 
teKL 
KP 


tc 


Required delay between 
positive transition of clock and 
end of valid input data. 


Delay between positive 
transition of clock and when 
internal @ output of flip-flop 
becomes valid. 


Delay between positive 
transition of clock and when 
outputs become valid (with 
OE Low). 


Delay between beginning of 
Output Enable Low and when 
outputs become valid. 


Delay between beginning of 
Output Enable High and when 
outputs are in the Off-State. 


Delay between predefined 
Output Enable High, and 
when combinational outputs 
become valid. 


Delay between predefined 
Output Enable Low and when 
combinational outputs are in 
the Off-State. 


Delay between Vcc (after 
power-on) and when flip-flop 
outputs become preset at “1” 
(internal Q outputs at “O"). 


Propagation delay between 
combinational inputs and 
outputs. 


ev 


FREQUENCY DEFINITIONS 


No feedback: Determined by 
the minimum clock period, 
W(teKL + teKH). 

Internal feedback: 
Determined by the internal 
delay from flip-flop outputs 
through the internal feedback 
and array to the flip-flop 
inputs, 1/(tis + texe). 
External feedback: 
Determined by clock-to-output 
delay and input setup time, 
I(tis + texo). 
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PAL-type devices bs : 
20L8, 20R8, 20R6, 20R4 PLUS20R8D/-7 Series 


PROGRAMMING - 


The PLUS20XX Series are programmable on conventional programmers for 24-pin PAL® devices. Refer to the following charts for qualified 
manufacturers of programmers and software tools: 


PROGRAMMER MANUFACTURER PROGRAMMER MODEL _FAMILY/PINOUT CODES 


DATA VO CORPORATION SYSTEM 29B, LogicPak™ 303A—V04 


10525 WILLOWS ROAD, N.E. 
P.O. BOX 97046 
REDMOND, WASHINGTON 98073-9746 


20L8-7/20L8D : 1B/26 

ADAPTER 303A-011A-VO08 (DIP) 20R8-7/20R8D : 18/27 

303A-011B-V04 (PLCC) 20R6-7/20RED : 1B/27 

UNISITE 40/48, V2.3 (DIP) 20R4-7/20R4D : 18/27 
V2.5 (PLCC) 


(800)247-5700 MODEL 60, 60A/H, V.15.0 


STAG MICROSYSTEMS, INC. ; 
1600 WYATT DRIVE 2ZL30/30A PROGRAMMER 20L8—7/20L8D : 


ures | REV. 30A31 (DIP) 20R8-7/20R8D : 
REV. 30A001 (PLCC) 20R6-7/20R6D : 
SEA CEs Ban CALPORNIES20¢ PPZ PROGRAMMER 20R4-7/20RAD : 


(408)988—1118 TBA 


SOFTWARE MANUFACTURER DEVELOPMENT SYSTEM 


SIGNETICS COMPANY SNAP 
811 EAST ARQUES AVENUE REV. 1.6 AND LATER 
P.O. BOX 3409 
SUNNYVALE, CALIFORNIA 94088-3409 SLICE 

REV. 1.0 AND LATER 
(408)991-2000 

AMAZE SOFTWARE 

REV. 1.7 


DATA I/O 

10525 WILLOWS ROAD, N.E. 

P.O. BOX 97046 ABEL™ SOFTWARE 
REDMOND, WASHINGTON 98073-9746 REV. 1.0 AND LATER 


(800)247-5700 


LOGICAL DEVICES, INC. 

1201 NORTHWEST 65TH PLACE 

FORT LAUDERDALE, FLORIDA 33309 CUPL™ SOFTWARE 
REV. 1.01 AND LATER 

(800)331-7766 
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PAL-type devices a 
20L8, 20R8, 20R6, 20R4 PLUS20R8D/-7 Series 





SNAP RESOURCE SUMMARY DESIGNATIONS 


PLUS20L8 


OQ 
VV NOEPAL?: 


PAL? 


PROGRAMMABLE AND ARRAY 


PLUS20R8 
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PAL-type devices . 
20L8, 20R8, 20R6, 20R4 PLUS20R8D/—7 Series 


SNAP RESOURCE SUMMARY DESIGNATIONS (Continued) 


PROGRAMMABLE AND ARRAY 


SNaNPALY: 


PLUS20R6 


BO, B1, B6, B7 


PLUS20R4 
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DESCRIPTION 

The PHD48N22-7 is an ultra fast 
Programmable High-speed Decoder 
featuring a 7.5ns maximum propagation 
delay. The architecture has been 
optimized using Philips Components— 
Signetics state-of-the-art bipolar oxide 
isolation process coupled with 
titanium-tungsten fuses to achieve 
superior speed in any design. 


The PHD48N22-7 is a two level logic 
element comprised of 36 fixed inputs, 

73 AND gates, 10 outputs, and 12 
bidirectional I/Os. This gives the device 
the ability to have as many as 48 inputs. 
Individual 3-State control of all outputs is 
also provided. 


Document No. 


ECN No. 


Date of Issue 


The device is field-programmable, 
enabling the user to quickly generate ~ 
custom patterns using standard 
programming equipment. Proprietary 
designs can be protected by 
programming the security fuse. 


The AMAZE software package from - - 
Philips Components—Signetics supports 
easy design entry for the PHD48N22-7 
as well as other PLD devices. 


Order codes are listed in the pages 
following. 





PHD48N22-7 


Programmable high-speed 
decoder logic (48 x 73 x 22) 


FEATURES 
@ Ideal for high speed system decoding 


© Super high speed at 7.5ns tpp 
© 36 dedicated inputs 


® 22 outputs 
— 12 bidirectional /O 
- 10 dedicated outputs 


© Security fuse to prevent duplication of 
proprietary designs. 


® Individual 3-State control of all outputs 


© Field-programmable on industry 
standard programmers 


© Available in 68-Pin Plastic Leaded 
Chip Carrier (PLCC) 


APPLICATIONS 
© High speed memory decoders 


® High speed code detectors 
© Random logic 
® Peripheral selectors 


® Machine state decoders 
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PIN CONFIGURATION 


A Package 


A = Plastic Leaded Chip Carrier 


Pi 


ONAN FWHM = 3 


Function 


3& 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
62 
§3 
54 
55 
56 
57 
58 
53 
60 
61 
62 
6&8 
64 
65 
66 
67 
68 


Function 


129 
130 
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PHD48N22-7 


ic 


speed decoder logi 


igh 


Programmable h 
(48 x 73 x 22) 


LOGIC DIAGRAM 





INPUTS (0 - $5) 


[So 























(2-0) SrdaL Londodd 





1. All unprogrammed or virgin “AND” gate locations are pulled to logic "0" 
Programmable connections 


NOTES: 
2 
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Programmable high-speed decoder logic PHD48N22-7 
(48 x 73 x 22) 





FUNCTIONAL DIAGRAM 





ORDERING INFORMATION THERMAL RATINGS 


DESCRIPTION ORDER CODE TEMPERATURE 
68-Pin Plastic Leaded Chip Carrier PHD48N22-7A 


ABSOLUTE MAXIMUM RATINGS! salauabemerms ies | Saeen| 

Pv | Ovpevoiage 

Pin irputeorens Si mo] mk 

ica | Ouipuaivens ———SSSS* Sis |_| 
ie 








7 


NOTES: 


1. Stresses above those listed may cause malfunction or permanent damage to the device. This 
is a stress rating only. Functional operation at these or any other condition above those 
indicated in the operational and programming specification of the device is not implied. 





OPERATING RANGES 


RATINGS 
SYMBOL PARAMETER | MIN. | MAX | 


Operating free-air temperature Eee Ss °C 
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Programmable high-speed decoder logic i 
(48 x 73 x 22) PHD48N22-7 





DC ELECTRICAL CHARACTERISTICS 
0°C < Tam < +75°C, 4.75 < Voc < 5.25V 


LIMITS 
SYMBOL PARAMETER TEST CONDITIONS | MIN. | TYP' | MAX | UNIT 




















Input voltage? 

Vit Low Voc = MIN Vv 
Vin High Voc = MAX Vv 
Vic Clamp Vec = MIN, lin = -18MA 0.8 Vv 
Output voltage 





Veco = MIN, Vin = Vig or Vir 
Von High lon = —3.2mA 
Voc = MAX 
lit Low Vin = +0.40V 
bi High Vin = +2.7V 
\ High Vin = Voc = Veco Max 


Output current 











Voc = MAX 
lozH Output leakage 3 Vout = +2.7V 
on Output leakage 3 Vout = +0.40V 











Short circuit 4 Vout = +0V 
ee ewe le ee ee 


Capacitance® 









Voc = +5V 
Vin =2.0V @ f = 1MHz 
Vout = 2.0V @ f = 1MHz 


1. Typical limits are at Voc = §.0V and Tanp = +25°C. 

2. These are absolute values with respect to device ground and all overshoots due to system or tester noise are included. 
3. Leakage current for bidirectional pins is the worst case of I, and loz, or Iy4 and loz. 

4. Not more than one output should be tested at a time. Duration of the short circuit should not be more than one second. 
5. These parameters are not 100% tested, but are periodically sampled. 
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AC ELECTRICAL CHARACTERISTICS 
0°C < Ta < +75°C, 4.75 < Voc < 5.25V, Ry = 2002, Rp = 3902 


TEST LIMITS 
SYMBOL PARAMETER FROM TO CONDITIONS | MIN [ MIN | UNIT 
Propagation delay 
| ot | through BO outputs (I, B, OR) + Output = CL = 50pF 6.5 
Propagation delay 
1 = 
through OR outputs (I, B, OR) + Output + CL = 50pF 7 
toe! PT tts 










Output Enable (!,B,OR)+ | Output enable C,, = S0pF 
| too? | Output Disable (l,B,OR)+ | Output disable C, = 5pF 


NOTES: 

1. tpp1,2 are tested with switch S; closed and C, = 50pF. 

2. For 3-State output; output enable times are tested with C, = 50pF to the 1.5V level, and S, is open for high-impedance to High tests and 
closed for high-impedance to Low tests. Output disable times are tested with C, . 5pF. High-to-High impedance tests are made to an output 
voltage of Vr = (Von — 0.5V) with S; open, and Low-to-High impedance tests are made to the V7 = (VoL + 0.5V) level with S; closed. 





VIRGIN STATE TIMING DEFINITIONS 


A factory shipped virgin device contains all 

fusible links intact, such that: SYMBOL PeneMEtEr 

1. All outputs are disabled. - Input to output propagation 
delay (through B/O outputs). 
Input to output propagation 
delay (through OR outputs). 


Input to Output Disable 
(3-State) delay (Output 
Disable). 


Input to Output Enable delay 
(Output Enable). 






2. All p-terms are disabled in the AND array. 












TIMING DIAGRAM 


INPUTS, 0 


ourruts ROO) 


YY 


WAVEFORM INPUTS OUTPUTS WAVEFORM INPUTS OUTPUTS 


were corns: gua 
STEADY STEADY 
PERMITTED UNKNOWN 


CENTER 
DOES NOT UNE IS HIGH 
APPLY IMPEDANCE 

“OFF" STATE 
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| 22- 
(48 x 73 x 22) Viv aeneee 


i 
d 
3 
g 
8 


9 10 14 #12 13:14 #+15 16 17 1819 20 21 2 
NOTE: 0 = OR Outputs EST CONDITIONS: Tam = 75°C; 
_ © = 8/0 Outputs Voc = 4.75V; Cy = 50pF; 
Ry = 2002; Ro = 3902 





Worst-Case Propagation Delay vs. Number of Outputs Switching 


AC TEST LOAD CIRCUIT VOLTAGE WAVEFORMS 


+3.0V — — — — 


, 90% 
10% 
ov 
= tR tt = 
2.5ns 25ns 
+3.0V 


tb 


2.5ns 


OUTPUTS 


MEASUREMENTS: - 
All circuit delays are measured at the +1.5V level of 
inputs and outputs, unless otherwise specified. 


NOTE: 
Cy and C2 are to bypass Vcc to GND. * 





Input Pulses 
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Programmable high-speed decoder logic . 
(48 x 73 x 22) 


LOGIC PROGRAMMING All packages allow Boolean and state 
The PHD48N22-7 is fully supported by equation entry formats. SNAP, ABEL and 
industry standard (JEDEC compatible) PLD CUPL also accept, as input, schematic 
CAD tools, including Signetics AMAZE, capture format. 


SLICE and SNAP design software packages. PHD48N22-7 logic designs can also be 
ABEL™ CUPL™ and PALASM@® 90 design generated using the program table entry 


software packages also support the format, which is detailed on the following 
architecture. pages. This program table entry format is 


“AND” ARRAY -— (!, B) 


LB 
,B 1,8 
1B 
PD , P, 


Preliminary Specification 


PHD48N22-7 


supported by AMAZE and SLICE only. Both 
AMAZE and SLICE design packages are 
available, free of charge, to qualified users. 


To implement the desired logic functions, each 
logic variable (I, B, PandD) from the logic equa- 
tions is assigned a symbol. TRUE (High), 
COMPLEMENT (Low), DON’T CARE and 
INACTIVE symbols are defined below. 


1,8 


5 


D 


STATE CODE STATE CODE STATE CODE 
iwactve! [| Oo | COMPLEMENT DONTCARE | - | 





NOTE: 
1. This is the initial state. 


ABEL is a trademark of Data VO Comp. 
CUPL is a trademark of Logical Devices, Inc. 
PALASM is a registered trademark of AMD Corp. 
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Programmable high-speed decoder logic 


(48 x 73 x 22) 


PHD48N22-7 


PROGRAM TABLE 























~ 
BELEEEE-EREEE EEE EERE EEE EERE Pepe PEe PEPER ee —— 
om 
bad 
CG eGR ESS CTS R EEE RSETeeER ERT ie a 
Bla aaboistel eae EA TSISie ay Pe Ie SETS) STS Pals Ta nT ap ye Tele See Te Le tec T ral ise 
See eee eee eee oe eee ee ee SSE Tre Ihab Va Ter Pal [SPT Dene pepe 
B TICE TEE ELLER Th RSL oy TEI ST I TSI TMs Pela Vale | 
~ 
hm 
o> 
slale 
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leNNAAAAAAANAAAAAAAANAAAAN Nel! <l<[<1<[<[<]<{<[<]<[</\AAAAAAAAAAAAAAAAAANAAAAAAAAAAARARANS] 
IEAAAAAAARAANAAAAN Nel <l<]<]<1<[<f< AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAANAAANAA | 
leINNAAAANNel<(</<[</</</< ANAAAAAAAAAAAAAAAARAANAAAAAAAAAAAAAAANAAAAAANAAAAAAAAAAAANA| 
lofol</<|<]<1<l<]/<VVAAAAAAAAAAAARAAARAAAAAANAAAAAAAAARAAAAAAAAAAANANANANANAAAAANANANN 8] 


ee 
= 
== 
[—— 
NAARANINAARARAARAARAARARARAAK AANA \ANAAANAAAAAAAAAANAAA AAA SSS \] 
ANAS SARK SASANS SSAA SSS Se 
SRR ARARAARARRRA RAR SAR AR NARA SARI ARRAS NARA RRARRR ARS AARAIE SRRRARRRE 
ERAS SSSA SASSBEASAIASSRGERIASSAAAEL 
ss 
a 
——a 
aa 
4 
maa 
=a 
a 





ae 
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leINNNAAAAAAAAAAAAAAAAAAANAAANAAAAAAAAAAAAANAAAAANAAAAAAAAAAAAA Ne! NANANAAAAANAS | 
PAAAAAAAAAAAARAAAAANAAAAARAAANAAARARARAAAAAAAAAARARKAANAAN Ne NAAAAANAAARAAAN 
leWWNANANAANAANAAAAANAAAAAAAAAAAAAANAAAANAAAAAANAAAANAAAAN 2s] WYVAAAAAAAAAAAAN 
IE-NAAAANAAAAAAAAANAAAAAAAAAAAANAAAAAAAANAAANAAAAAAAAAAANEEAAAANNAAAANAAAAAAAN 3} 
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ENAAAAAAAAAAAAAAANAAAAAAAARANAAAAARAAAARAAAAAANANANSEANAAAAAAAAANAAAAAAAARAAAAN 
PENAAAAAAANAAAAAAAAAAAANAAAAAAAAAAAAAAAAAAAAAAAAN 2 EANAAAAAAAANAAAAAAAAAAAARAAAY 
leNAAAAAAAAAARAAAAARAAAAAAAAARAARAARARARARAAAAAAA Nee ANAAAAAAAAAAAAAAARAAAAAAAAAS| 
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OUTPUTS 














PROGRAM TABLE (Continued) 
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(48 x 73 x 22) PHD48N22-7 





TYPICAL SYSTEM APPLICATION 


GENERATOR 


DRAM 
CONTROL 


VO INTERFACE eae ee MULTIBUS VO 


CA 
ADVANCED vate. 
DMA 


BUS 
CONTROL 





INTERRUPT TIMER’ Dek Hy LAN | GRAPHICS 
CONTROLLER COUNTER SOMTROL COPROCESSOR 
f2 
LAN CABLE ~xeygoarp MOUSE 


FLOPPY FIXED DISK - ert 


EXTERNAL 
INTERRUPTS 
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SNAP RESOURCE SUMMARY DESIGNATIONS 


|_| OR;,-OR3 
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Section 4 
Programmable Logic Array 
Device Data Sheets 


Series 20 
PLS153/A 
PLUS153B/D 
PLUS153-10 


Serles 24 
PLS173 
PLUS173B/D 
PLUS173-~-10 


Series 28 
PLS100/101 


INDEX 
Programmable Logic Arrays (18 x 42 x 10); 40/30ns ...... 179 
Programmable Logic Arrays (18 X 42 x 10); 15/12ns ...... 186 
Programmable Logic Array (18 x 42 x 10); 10ns.......... 194 
Programmable Logic Array (22 x 42 x 10); 30ns.......... 202 
Programmable Logic Arrays (22 x 42 x 10); 15/12ns ...... 209 
Programmable Logic Array (22 x 42 x 10); 10ns.......... 217 


Programmable Logic Arrays (16 x 48 x 8);50ns.......... 225 


Philips Components-Signetics 


Document Noless-o311 si 
Date of Issue 


DESCRIPTION 

The PLS153 and PLS153A are two-level 
logic elements, consisting of 42 AND 
gates and 10 OR gates with fusible link 
connections for programming I/O 
polarity and direction. 


All AND gates are linked to 8 inputs (I) 
and 10 bidirectional I/O lines (B). These 
yield variable I/O gate configurations via 
10 direction control gates (D), ranging 
from 18 inputs to 10 outputs. 











On-chip T/C buffers couple either True 
(I, B) or Complement (1, B) input 
polarities to all AND gates, whose 
outputs can be optionally linked to all 
OR gates. Their output polarity, in turn, 
is individually programmable through a 
set of EX-OR gates for implementing 
AND/OR or AND/NOR logic functions. 


The PLS153 and PLS153A are 
field-programmable, enabling the user to 


quickly generate custom patterns using » 


standard programming equipment. 


Order codes are listed in the Ordering 
Information Table. 


PLS153/A 


Programmable logic arrays 


(18 x 42 x 10) 


FEATURES 
© Field-Programmable (Ni-Cr links) 


© 8 inputs 

© 42 AND gates 

© 10 OR gates 

® 10 bidirectional I/O lines 

© Active-High or -Low outputs 


© 42 product terms: 
— 32 logic terms 
— 10 control terms 

© 1/0 propagation delay: 
— PLS153: 40ns (max) 
— PLS153A: 30ns (max) 


© Input loading: —100,1A (max) 

© Power dissipation: 650mA (typ) 
© 3-State outputs 

© TTL compatible 


APPLICATIONS 
© Random logic 


© Code converters 

© Fault detectors 

® Function generators 
© Address mapping 

© Multiplexing 
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PIN CONFIGURATIONS 
N Package 


N = Plastic DIP (300mil-wide) 
A Package 


Ig ty Ip Voc 89 


Bo GND By Bg Bg 
A = Plastic Leaded Chip Carrier 





LOGIC FUNCTION 


TYPICAL PRODUCT TERM: 
Pn=A‘B‘C:D->... 
TYPICAL LOGIC FUNCTION: 
AT OUTPUT POLARITY = H 
Z=PO+P1+P2... 


AT OUTPUT POLARITY =L 


Z=PO+P1+P2 +... 
Z=PF0-PT-P2Z:... 


NOTES: 

1. Foreach of the 10 outputs, either function Z (Active- 
High) or Z (Active-Low) is available, but not both. 
The desired output polarity is programmed via the 
Ex-OR gates. 

2. Z,A,B,C, etc. are user defined connections to fixed 
inputs (I) and bidirectional pins (B). 
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Programmable connection. 


2. All programmed ‘OR’ gate locations are pulled to logic “0". 


1, All programmed 'AND' gate locations are pulled to logic "1". 
3. 


NOTES: 





LOGIC DIAGRAM 
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FUNCTIONAL DIAGRAM 








THERMAL RATINGS 
TEMPERATURE 


ORDERING INFORMATION 






DESCRIPTION ORDER CODE 
20-Pin Plastic Dual In-Line, 300mil-wide PLS153N, PLS153AN 
20-Pin Plastic Leaded Chip Carrier PLS153A, PLS153AA 


















i Allowable thermal rise © 75°C 













RATINGS 


The PLS153/A devices are also processed to 
military requirements for operation over the 
military temperature range. For specifications 
and ordering information consult the Signetics 
Military Data Handbook. 


SYMBOL PARAMETER 


a 
a 

OS 
a 

cr 
a 


NOTES: 

1. Stresses above those listed may cause malfunction or permanent damage to the device. This 
is a stress rating only. Functional operation at these or any other condition above those 
indicated in the operational and programming specification of the device is not implied. 
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DC ELECTRICAL CHARACTERISTICS 
0°C $ Tam S$ +75°C, 4.75V $ Voc $ 5.25V 


SYMBOL PARAMETER _ TEST CONDITIONS 


Input voltage? 


Vin Low Voc = MIN 
Vin High Voc = MAX 
Vic Clamp? ~ Veo = MIN, Ip =—12mA 


Output voltage” 


Voi Low* 
Vou High’ 


Input current? 


Voc = MAX 
Iie Low Vin = 0.45V 
hy High Vin =5.5V 


Output current 


Veo = MAX 

lo(oFF) Hi-Z state® Vout = 5.5V 
Vout = 0.45V 

Short circuit?: 5. € Vout = OV 


LIMITS 


as) 


a 


Capacitance 


NOTES: 

All typical values are at Voc = 5V, Tamb = +25°C. 

A\l voltage values are with respect to network ground terminal. 
Test one ata time. 

Measured with +10V applied to 17. 


Duration of short circuit should not exceed 1 second. 

loc is measured with lo, ty at OV, lo — l7 and Bog at 4.5V. 
Leakage values are a combination of input and output leakage. 
li, and Ih limits are for dedicated inputs only (Ip — 17). 


DONONE ODP 
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PLS153/A 





AC ELECTRICAL CHARACTERISTICS 
0°C < Tamp $ +75°C, 4.75V < Voc < 5.25V, Ry = 3002, Ro = 3902 






fe 


NOTES: 


PARAMETER FROM 









 fefel | 
a 
ea 





1. All typical values are at Voc = 5V, Tanb = +25°C. : 

2. For 3-State output; output enable times are tested with C_ = 30pF to the 1.5V level, and S, is open for high-impedance to High tests and 
closed for high-impedance to Low tests. Output disable times are tested with C, = 5pF. High-to-High impedance tests are made to an output 
voltage of Vr = (Voy — 0.5V) with S; open, and Low-to-High impedance tests are made to the V7 = (Vo, + 0.5V) level with S; closed. 

3. All propagation delays are measured and specified under worst case conditions. 


VOLTAGE WAVEFORMS 


+3.0V ——— — 


MEASUREMENTS: 
All circuit delays are measured at the +1.5V level 
of inputs and outputs, unless otherwise specified. 


Input Pulses 





TIMING DEFINITIONS 


SYMBOL PARAMETER 


Propagation delay between 






input and output. 





Delay between input change 
and when output is off (Hi-Z 
or High). 











Delay between input change 
and when output reflects 
specified output level. 
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TEST LOAD CIRCUIT 


C2 


> 


INPUTS 


OUTPUTS 


NOTE: 
Cy and C2 are to bypass Voc to GND. 


TIMING DIAGRAM 
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PLS153/A 





LOGIC PROGRAMMING 

The PLS153/A is fully supported by industry 
standard (JEDEC compatible) PLD CAD 
tools, including Signetics AMAZE, Data I/O's 
ABEL™ and Logical Devices, Inc. CUPL™ 
design software packages. 


OUTPUT POLARITY — (B) 





All packages allow Boolean and state 
equation entry formats. ABEL and CUPL also 
accept, as input, schematic capture format. 


PLS153/A logic designs can also be 
generated using the program table entry 
format detailed on the following page. This 
program table entry format is supported by 
the Signetics AMAZE PLD design software 
(PTP module). AMAZE is available free of 
charge to qualified users. 


[AeTVE LEVEL [CODE] 


To implement the desired logic functions, the 
state of each logic variable from logic 
equations (I, B, O, P, etc.) is assigned a 
symbol. The symbols for TRUE, 
COMPLEMENT, INACTIVE, PRESET, etc., 
are defined below. 


AND ARRAY - (I, B) 


4B 
a} 
LB 
PD 


ee 
[wacrves? | 0 


OR ARRAY - (B) 





P 

s 
[Pa staTvs [cone] 
[acter [a _| 


P 
s 
Pa STATUS | CODE] 
INACTIVE | © | 








NOTES: 

1. This is the initial unprogrammed state of all links. 

2. Any gate P,, willbe unconditioanlly inhibited if both the True and Complement of an input (either 
tor B) are left intact. 
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s 
>: 
x 
ACTIVELEVeL | CODE | 


LOW L 
(INVERTING) 








1B 
IB 
1B 
PRD 


[state __[_ cone] 
[pontcare | - | 


VIRGIN STATE 

A factory shipped virgin device contains all 
fusible links intact, such that: 

1. All outputs are at “H” polarity. 


2. All P, terms are disabled. 


3. All Py terms are active on all outputs. 


CAUTION: PLS153A TEST 
COLUMNS 

The PLS153A incorporates two columns not 
shown in the logic block diagram. These 
columns are used for in-house testing of the 
device in the unprogrammed state. These 
columns must be disabled prior to using the 
PLS153A in your application. If you are using 
a Signetics-approved programmer, the 
disabling is accomplished during the device 
programming sequence. If these columns are 
not disabled, abnormal operation is possible. 


Furthermore, because of these test columns, 
the PLS153A cannot be programmed using 
the programmer algorithm for the PLS153. 


Product Specification 
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PLS153/A 


(18 x 42 x 10) 


ic arrays 


Programmable log 


PROGRAM TABLE 
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DESCRIPTION 

The PLUS153 PLDs are high speed, 
combinatorial Programmable Logic 
Arrays. The Signetics state-of-the-art 
Oxide Isolated Bipolar fabrication 
process is employed to produce 
propagation delays as short as 12ns. 


The 20-pin PLUS153 devices have a 
programmable AND array and a 
programmable OR array. Unlike PAL® 
devices, 100% product term sharing is 
supported. Any of the 32 logic product 
terms can be connected to any or all of 
the 10 output OR gates. Most PAL ICs 
are limited to 7 AND terms per OR 
function; the PLUS153 devices can 
support up to 32 input wide OR 
functions. 









The polarity of each output is 
user-programmable as either 
active-High or active-Low, thus allowing 
AND-OR or AND-NOR logic 
implementation. This feature adds an 
element of design flexibility, particularly 
when implementing complex decoding 
functions. 


The PLUS153 devices are 
user-programmable using one of several 
commercially available, industry 
standard PLD programmers. 


PLUS153B/D 


Programmable logic arrays 
(18 x 42 x 10) 


FEATURES 

@ I/O propagation delays (worst case) 
— PLUS153B — 15ns max. 
— PLUS153D — 12ns max. 

@ Functional superset of 16L8 and most 


other 20-pin combinatorial PAL 
devices 


PIN CONFIGURATIONS 
N Package 


© Two programmable arrays 


— Supports 32 input wide OR 
functions 


© 8 inputs 
® 10 bi-directional /O 


© 42 AND gates 
— 32 logic product terms 
- 10 direction control terms 


N = Plastic DIP (300mil-wide) 
A Package 


© Programmable output polarity 
— Active-High or Active-Low 
© Security fuse 
@ 3-State outputs 
© Power dissipation: 750mW (typ.) 
© TTL Compatible 


Bo GND By Bz Bg 


A Plastic Leaded Chip Carrier 





APPLICATIONS 
® Random logic 


© Code converters 

© Fault detectors 

© Function generators 
© Address mapping 

© Multiplexing 


®PAL Is a registered trademark of Monolithic Memories, {nc., a wholly owned subsidiary of Advanced Micro Devices Corporation. 
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LOGIC DIAGRAM 


o> oF OD Hh FT Oo N = 8 
eo oomonop emg 82 Ga 2 Oo DD 


FEE EISEN 








C— (CONTROL TERMS) —Q 

















i 


Ba 
B3 
Ba 


2. All programmed ‘OR’ gate locations are pulled to logic “0”. 
= Programmable connection. 


1. All programmed 'AND’ gate locations are pulled to logic “1°. 
3. 


NOTES: 
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FUNCTIONAL DIAGRAM 








ORDERING INFORMATION THERMAL RATINGS 
20-Pin Plastic Dual-In-Line 300mil-wide 
20-Pin Plastic Dual-In-Line 300mil-wide 


20-Pin Plastic Leaded Chip Carrier PLUS153BA Kiouishie thenial nee 75°C 
20-Pin Plastic Leaded Chip Carrier PLUS153DA are ee eneton 


ABSOLUTE MAXIMUM RATINGS! 


SYMBOL 
Voc 
































PARAMETER 
Supply voltage 
Input voltage 
Output voltage 
Input currents 
Output currents 


Operating free-air temperature range 


Storage temperature range 


NOTES: 

1. Stresses above those listed may cause malfunction or permanent damage to the devite. This 
is a stress rating only. Functional operation at these or any other condition above those 
indicated in the operational and programming specification of the device is not implied. 
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DC ELECTRICAL CHARACTERISTICS 
0°C S$ Tam $ +75°C, 4.75 $ Veg $ §.25V 


LIMITS 
SYMBOL PARAMETER TEST CONDITIONS | MIN. | TyPt | MAX | UNIT 


Input voltage” 


Viv Low Voc = MIN V 
Vin High : Voc = MAX Vv 
Vic Clamp Voc = MIN, ly =-12mA -0.8 Vv 


Output voltage? 
Vor Low4 V 
Von High> V 


Input current® 


Ie Low 
hy High 


Output current 
































Voc = MAX 
lo(oFF) Hi-Z state® Vout = 2.7V 
Vout = 0.45V 



















Ons 


Short circuit? 5.6 Vout = OV 
. All typical values are at Voc = 5V, Tan = +25°C. 
Same conditions as Note 4 except l7 = +10V. 


All voltage values are with respect to network ground terminal. 
Duration of short circuit should not exceed 1 second. 


oe 
a pF 
pF 
Test one at a time. 
Measured with inputs Ip — lz = OV, inputs Iz —I5 = 4.5V, inputs l7 = 4.5V and Ig = 10V. For outputs Bo — By, and for outputs Bs ~ Bg apply the 
loc is measured with inputs Ip — 17 and Bg — Bg = OV. 
Leakage values are a combination of input and output leakage. 


NOTES: 
same conditions except l7 = OV. 
li, and ly limits are for dedicated inputs only (Ip — I7). 


COND 
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AC ELECTRICAL CHARACTERISTICS 


O°C < Tamb $ +75°C, 4.75V < Voc $ 5.25V, Ry = 3002, Rp = 3902 

7 
SYMBOL | - To TEST UNIT 
| conomon | wae [19 [WAX [wi [YP | WA 
ee [Fomine [wee [ommn fen] tals, [ele «| 


toe [Ouputenabat | router | om | case { [ws] pope] ~_ 
too Jouputdisatiot | puter | out | ner | [fst pole] om 


NOTES: 

1. For 3-State output; output enable times are tested with C_ = 30pF to the 1.5V level, and S; is open for high-impedance to High tests.and 
closed for high-impedance to Low tests. Output disable times are tested with C, = 5pF. High-to-High impedance tests are made to an output 
voltage of Vr = (Voy — 0.5V) with S; open, and Low-to-High impedance tests are made to the V7 = (Vo + 0.5V) level with S, closed. 

2. All propagation delays are measured and specified under worst case conditions. 















PARAMETER 






VOLTAGE WAVEFORMS TEST LOAD CIRCUIT 


+3.0V —— — — 





* OUTPUTS 


MEASUREMENTS: 
All circuit delays are measured at the +1.5V level 


of inputs and uts, uni therwis ied. 
p outp! Mess otherwise specitied NOTE: 


Cy and Co are to bypass Voc to GND. 


Input Pulses 





TIMING DEFINITIONS - TIMING DIAGRAM 


SYMBOL PARAMETER 
tep Propagation delay between 
input and output. 
Delay between input change 
and when output is off (Hi-Z 
or High). 











Delay between input change 
and when output reflects 
specified output level. 
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LOGIC PROGRAMMING 

The PLUS153B/D is fully supported by 
industry standard (JEDEC compatible) PLD 
CAD tools, including Signetics AMAZE, 
SLICE and SNAP design software packages. 
ABEL™ and CUPL™ design software 
packages also support the PLUS153B/D 
architecture. 


All packages allow Boolean and state 
equation entry formats. SNAP, ABEL and 
CUPL also accept, as input, schematic 
capture format. 


PLUS153B/D logic designs can also be 
generated using the program table entry 
format, which is detailed on the following 
page. This program table entry format is 
supported by AMAZE and SLICE only. Both 
AMAZE and SLICE design packages are 
available, free of charge, to qualified users. 


To implement the desired logic functions, the 
State of each logic variable from logic 
equations (I, B, O, P, etc.) is assigned a 
symbol. The symbols for TRUE, 
COMPLEMENT, INACTIVE, PRESET, etc., 
are defined below. 


AND ARRAY - (I, B) 


[_Pastarus | cove] 
[—acnvel [a _| 


NOTES: 





OUTPUT POLARITY - (B) 










ACTIVELEVEL | CODE | 


ACTIVELEVEL | CODE | 


LOW L 
(INVERTING) 


VIRGIN STATE 


A factory shipped virgin device contains all 
fusible links intact, such that: 
1. All outputs are at “H” polarity. 


2. All P, terms-are disabled. 


3. All Py terms are active on all outputs. 










[P,starus | cooE_] 
[inactive [° _| 


1. This is the initial unprogrammed state of all links. 
2. Any gate P,, will be unconditionally inhibited if both the true and complement of an input (either 


! or B) are left intact. 


ABEL is a trademark of Data /O Cor. 
CUPL is a trademark of Logical Devices, Inc. 
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cé6l 























CUSTOMER NAME____ 
PURCHASE ORDER#_ 
SIGNETICS DEVICE # __CF(Xxxx)_ 
CUSTOMER SYMBOLIZED PART#__ 
TOTAL NUMBER OF PARTS... 
PROGRAM TABLE #___ REV__ DATE_____ 





ER ees ea eriiny See Oy ae ese barges Seer eer ak Safer i NOTES 


In the unprogrammed state: 
jnacne ta © All AND gates are pulled to a logic “0” (Low). 
pee} he) § CONTROL 


® Output polarity is noninverting. 
DON'T CARE | —| 


© Unused | and B bits in the AND array should be programmed 
VARIABLE 
NAME 
















a1EaVL WVYSDOud 


as Don't Care (-). 
© Unused product terms in the OR array should be 
programmed as INACTIVE (0). 














~_ 


(OL XZp x SL) SAeuue 2160] ajqeuwesb0ig 


pe fief zrfer}rs|sejorfarferfor] ezieiets|s/zfey nid | 


ALY10d 





q/aestSnid 
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DESCRIPTION 

The PLUS153-10 PLD is a high speed, 
combinatorial Programmable Logic 
Array. The Signetics state-of-the-art 
Oxide Isolated Bipolar fabrication 
process is employed to produce 
maximum propagation delays of 10ns or 
less. 


The 20-pin PLUS153 device has a 
programmable AND array and a 
programmable OR array. Unlike PAL® 
devices, 100% product term sharing is 
supported. Any of the 32 logic product 
terms can be connected to any or all of 
the 10 output OR gates. Most PAL ICs 
are limited to 7 AND terms per OR 
function; the PLUS153—10 can support 
up to 32 input wide OR functions. 







Date of Issue 








The polarity of each output is user- 
programmable as either Active-High or 
Active-Low, thus allowing AND-OR or 
AND-NOR logic implementation. This 
feature adds an element of design 
flexibility, particularly when implementing 
complex decoding functions. 


The PLUS153~10 device is user- 
programmable using one of several 
commercially available, industry 
standard PLD programmers. 


PLUS153-—10 


Programmable logic array 
(18 x 42 x 10) 


FEATURES 

© |/O propagation delays (worst case) 
— PLUS153—10 — 10ns max. 

@ Functional superset of 16L8 and most 


other 20-pin combinatorial PAL 
devices 


PIN CONFIGURATIONS 


N Package 


® Two programmable arrays 


— Supports 32 input wide OR 
functions 


© 8 inputs 
® 10 bi-directional /O 


@ 42 AND gates 
— 32 logic product terms 
— 10 direction control terms 


© Programmable output polarity 
- Active-High or Active-Low 


© Security fuse 

© 3-State outputs 

© Power dissipation: 750mW (typ.) 
© TTL Compatible 


APPLICATIONS 
© Random logic 


© Code converters 
© Fault detectors 


© Function generators 


Bo GND By BQ Bg 


@ Address mapping 





® Multiplexing A = Plastic Leaded Chip Carrier 


@PAL is a registered trademark of Monolithic Memories, Inc., a wholly owned subsidiary of Advanced Micro Devices Corporation. 
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Programmable logic array (18 x 42 x 10) 
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LOGIC DIAGRAM 


o 2 FF DOD HM tT OM N SF OD 
fm o2© o@© m@ mw wo fo eo 8 


TTI 
i A 


os ecb 

eid ost 1 [tT 

eater SS > TT Tr 7 
i) Oo 





i-— (CONTROL TERMS) —-l 








j 
5 








2. All programmed 'OR' gate locations are pulled to logic "0". 
_. Programmable connection. 


1, All programmed ‘AND' gate locations are pulled to logic *1". 


NOTES: 
3. 
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FUNCTIONAL DIAGRAM 








ORDERING INFORMATION 


DESCRIPTION 
20-Pin Plastic Dual-In-Line 300mil-wide 


20-Pin Plastic Leaded Chip Carrier 


THERMAL RATINGS 


TEMPERATURE 
are 


Allowable thermal rise 75°C 
ambient to junction 

















PLUS153-10A 

























ABSOLUTE MAXIMUM RATINGS! 


SYMBOL PARAMETER 


an] 
SS 
[voor | Ovpurvetage Sd 
iy | tetcurens 


Operating free-air temperature range 






NOTES: 

1. Stresses above those listed may cause malfunction or permanent damage to the device. This 

' is a stress rating only. Functional operation at these or any other condition above those 
indicated in the operational and programming specification of the device is not implied. 
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DC ELECTRICAL CHARACTERISTICS 
0°C < Tam S +75°C, 4.75 $ Voc $ 5.25V 


LIMITS 
SYMBOL PARAMETER TEST CONDITIONS | MIN. | TYP! | MAX | UNIT 


Input voltage? 








































Vic Low Voc = MIN Vv 
Vin High Veco = MAX Vv 
Vic Clamp Voc = MIN, ly =-12mA -0.8 Vv 
Input current? 

Voc = MAX 
1O(OFF) Hi-Z state® Vout = 2.7V 

Vout = 0.45V -140 
Short circuit? 5. & Vout = OV 


Output voltage? 
VoL Low* Vv 

Va High® 2.4 Vv 
hiv Low ~100 pA 
lie High 40 pA 
Output current 

ee 











All typical values are at Voc = 5V, Tanb = +25°C. 

All voltage values are with respect to network ground terminal. 

Test one ata time. 

Measured with inputs Ip — lz = OV, inputs I3 —I5 = 4.5V, inputs l7 = 4.5V and Ig = 10V. For outputs Bo — By and for outputs Bs — Bg apply the 
same conditions except I7 = OV. 

Same conditions as Note 4 except I7 = +10V. 

Duration of short circuit should not exceed 1 second. 

Icc is measured with inputs Ig — 17 and By — Bg = OV. 

Leakage values are a combination of input and output leakage. 

I and liq limits are for dedicated inputs only (Ip — 17). 


OONOA POM 
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Programmable logic array (18 x 42 x 10) PLUS153—10 





AC ELECTRICAL CHARACTERISTICS 
O°C $ Tamp S$ +75°C, 4.75V S$ Voc $ 5.25V, Ry = 3002, Ro = 3902 


TEST LIMITS 
SYMBOL PARAMETER. TO CONDITION | MIN | TYP | MAX | UNIT 


[wo | Premsasiondoay® | pute | Owpue | ccnsoer {| | 8 | 1 | | 
toe [ovputenatat | tpt | ouput | G.naoer | |e | 0 | me 
eo [ouputdisto’ | tout | ups | Gcnser | |e | | =| 


NOTES: 

1. For 3-State output; output enable times are tested with C, = 30pF to the 1.5V level, and S; is open for high-impedance to High tests and 
closed for high-impedance to Low tests. Output disable times are tested with C, = 5pF. High-to-High impedance tests are made to an output 
voltage of Vr = (Voy — 0.5V) with S; open, and Low-to-High impedance tests are made to the V7 = (Voz + 0.5V) level with S, closed. 

2. All propagation delays are measured and specified under worst case conditions. 











VOLTAGE WAVEFORMS TEST LOAD CIRCUIT 


MEASUREMENTS: 
All circuit delays are measured at the +1.5V level 
of inputs and outputs, unless otherwise specified. 


NOTE: 
Input Pulses Cy and Co are to bypass Voc to GND. 





TIMING DEFINITIONS TIMING DIAGRAM 


SYMBOL PARAMETER 
tep Propagation delay between 
input and output. 
Delay between input change 
and when output is off (Hi-Z 
or High). 









Delay between input change 
and when output reflects 
specified output level. 
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Programmable logic array (18 x 42 x 10) 


LOGIC PROGRAMMING OUTPUT POLARITY — (B) 
The PLUS 153-10 is fully supported by 
industry standard (JEDEC compatible) PLD 
CAD tools, including Signetics AMAZE, 
SLICE and SNAP design software packages. 
ABEL™ and CUPL™ design software 
packages also support the PLUS153-10 
architecture. 


All packages allow Boolean and state 

equation entry formats. SNAP, ABEL and : Pc Tw] 
CUPL also accept, as input, schematic NON-ANVERTING) 

capture format. 

PLUS 153-10 logic designs can also be 
generated using the program table entry 
format, which is detailed on the following 
page. This program table entry format is 
supported by AMAZE and SLICE only. Both 
AMAZE and SLICE design packages are 
available, free of charge, to qualified users. 


To implement the desired logic functions, the 
state of each logic variable from logic 
equations (I, B, O, P, etc.) is assigned a 
symbol. The symbols for TRUE, 
COMPLEMENT, INACTIVE, PRESET, etc., 
are defined below. 


AND ARRAY - (1, B) 


\B 
IB 
15 
P,D 


er 
[iwacrves? [0] 


OR ARRAY - (B) 





P 
5 
[pa stats | cone] 
[—acrvet [a | 


+> 
[Pa starus | cove] 
[mace [_* | 








NOTES: 

1. This is the initial unprogrammed state of all links. 

2. Any gate P, will be unconditionally inhibited if both the true and complement of an input (either 
1 or B) are left intact. 


ABEL is a trademark of Data YO Com. 
CUPL is a trademark of Logical Devicas, Inc. 
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ACTIVELEVEL [| CODE | 


LOW L 
(INVERTING) 





PD 


[sare [cove] 
[sowtcane | - | 


VIRGIN STATE 

A factory shipped virgin device contains all 
fusible links intact, such that: 

1. All outputs are at “H” polarity. 


2. All P, terms are disabled. 


3.. All Py terms are active on all outputs. 
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PLUS153—10 


Programmable logic array (18 x 42 x 10) 


PROGRAM TABLE 


POLARITY 
Pe et bea i ea 
B(O) 












Pee 
Pt at tT a TT 
[19] 18] 17 | s6]45 | v4 [13 ]r2 [09 [9 | 





———B1V0 ASH # 318 VL NVH9OUd 
BS Luvd JO HS8SNNN TVLOL 
—————#¥ Lud G3ZNOSWAS U3SWOLSNO 
—TXXXX)3D_— # SIAR SOLLSNDIS 
Ss ss # HAGHO JSWHOUNd 
TTT IN HAWOLSND 


JWVN 
FTAVINVA 
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q pinoys Aes YO 94) Uj suse} ONPaId pesnUN » 
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“Bulyeauy-uou 9 Aysejod indino e 
*(a07) .0. 9180} & 0) peynd ese sere6 QNY IV © 
teyeys pewwesBosdun ey) Uy 
SALON 














200 


October 18, 1990 


Philips Components—Signetics Programmable Logic Devices Product Specification 


Programmable logic array (18 x 42 x 10) | PLUS153—10 


SNAP RESOURCE SUMMARY DESIGNATIONS 


©, 
\ 


EEXORIS3: 
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ECNNo. - |00752 
Date of Issue 


DESCRIPTION FEATURES 
The PLS173 is a two-level logic element —_e 1/0 propagation delay: 30ns (max.) 








PLS173 


Programmable logic array 
(22 x 42 x 10) 


PIN CONFIGURATIONS 
N Package 


consisting of 42 AND gates and 10 OR 
gates with fusible link connections for 
programming I/O polarity and direction. 


All AND gates are linked to 12 inputs (1) 
and 10 bidirectional I/O lines (B). These 
yield variable /O gate configurations via 
10 direction control gates (D), ranging 
from 22 inputs to 10 outputs. 


On-chip T/C buffers couple either True ~ 


(I, B) or Complement (I, B) input 
polarities to all AND gates, whose 
outputs can be optionally linked to all 
OR gates. Their output polarity, in turn, 
is individually programmable through a 
set of EX-OR gates for implementing 
AND/OR or AND/NOR logic functions. 


The PLS173 is field programmable, 
enabling the user to quickly generate 
custom patterns using standard 
programming equipment. 


Order codes for this device are 
contained in the pages following. 


© 12 inputs 

@ 42 AND gates 

© 10 OR gates - 

® 10 bidirectional /O lines 

® Active-High or -Low outputs 


® 42 product terms: 
— 32 logic terms 
- 10 contro! terms 


© Ni-Cr programmable links 

® Input loading: -100A (max.) 

@ Power dissipation: 750mW (typ.) 
© 3-State outputs 

@ TTL compatible 


APPLICATIONS 
@ Random logic 


© Code converters 

© Fault detectors 

© Function generators 
® Address mapping 

® Multiplexing 


202 


N = Plastic DIP (300miF wide) 


A Package 
Iz Iz 1 lo Voc Bg Bg 


Ig W119 GND 11, Bo By Bg 
A = Plastic Leaded Chip Carrier 





PLS173 
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LOGIC DIAGRAM 


ese IEG LEILEILE I Len 
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j 
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e24 QeeeevelGlSsece 


pb oo OS 


Jieeece 


is |6 |< | 


2. All programmed ‘OR’ gate locations are pulled to logic “0”. 
. Programmable connection, 


1. All programmed ‘AND’ gate locations are pulled to logic "1". 
3.5 


NOTES: 
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Programmable logic array (22 x 42 x 10) PLS173 


FUNCTIONAL DIAGRAM LOGIC FUNCTION 


TYPICAL PRODUCT TERM: 
Po=zA-B-C-D.... 


TYPICAL LOGIC FUNCTION: 
AT OUTPUT POLARITY = H 
Z=P0+P1+P2... 


AT OUTPUT POLARITY +L 
Z=PO+PT+ P24... 


Z=PO-PT- PZ... 


NOTES: 

1. For each of the 10 outputs, either function Z 
(Active-High) or Z (Active-Low) is available, but not 
both. The desired output polarity Is programmed 
via the EX-OR gates. 

2. ZX, A,B, C, etc. are user defined connections to 
fixed inputs (|), and bidirectional pins (B). 





ORDERING INFORMATION | THERMAL RATINGS 
DESCRIPTION 


24-Pin Plastic Dual-In-Line 
300mil-wide 


28-Pin Plastic Leaded Chip Carrier 












ABSOLUTE MAXIMUM RATINGS" The PLS173 is also processed to military 


requirements for operation over the military 
SYMBOL PARAMETER 


temperature range. For specifications and 
| Min | ordering information, consult the Signetics 

[Vin teputvotage OT 

[Voor | Ouputvotags ——SC~dSCSSC*”d 

[tw | tputcurents—————SC~*~C || mA 
eae 










Output currents 
Operating free-air temperature range 
Storage temperature range 


NOTES: 

1. Stresses above those listed may cause malfunction or permanent damage to the device. This 
is a stress rating only. Functional operation at these or any other condition above those 
indicated in the operational and programming specification of the device is not implied. 
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Programmable logic array (22 x 42 x 10) PLS173 





DC ELECTRICAL CHARACTERISTICS 













































O°C S$ Tamb S +75°C, 4.75 S$ Veg 5 5.25V 
LIMITS 
SYMBOL PARAMETER TEST CONDITIONS | MIN |{ Typ! | MAX | UNIT 
Input voltage” 
Vit Voc = MIN 0.8 Vv 
Vin i Voc = MAX Vv 
Vic 3 Veco = MIN, liy =—-12mA 0.8 1.2 V 
Output voltage? 
VoL Low4 A V 
Vou High® Vv 
Input current? 
be Low —100 pA 
lig High 40 pA 
Output current 
Voc = MAX 
lQ(OFF) Hi-Z state® Vout = 5.5V 
Vout = 0.45V -140 
Short circuit? 5.6 Vout = OV 
ans 
lin Input pF 
Cg vo pF 
NOTES: 

All typical values are at Voc = 5V, Tanb = +25°C. 

All voltage values are with respect to network ground terminal. 

Test one ata time. 

Measured with inputs Vi_ applied to I1;. Pins 1-5 = OV, Pins 6-10 = 4.5V, Pin 11 = OV and Pin 13 = 10V. 

Same conditions as Note 4 except Pin 11 = +10V. 

Duration of short circuit should not exceed 1 second. 

Ice is measured with Ip and 1, = OV, and lo — 14, and Bo — Bg = 4.5V. Part in Virgin State. 

Leakage values are a combination of input and output leakage. 

li and liq limits are for dedicated inputs only (lo — 141). 


OANOAPoONW> 
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Programmable logic array (22 x 42 x 10) PLS173 





AC ELECTRICAL CHARACTERISTICS 
O°C $ Tamb $ +75°C, 4.75 S Voc $ 5.25V, Ry = 4702, Ro = 1kQ 


TEST 
SYMBOL PARAMETER TO CONDITION 


an] 
[vo _[Propeatondoly? | mows | Cops | c.-soer |_| 
ams 

a 





NOTES: 

1. For 3-State output; output enable times are tested with C, = 30pF to the 1.5V level, and S; is open for high-impedance to High tests and 
closed for high-impedance to Low tests. Output disable times are tested with C, = 5pF. High-to-High impedance tests are made to an output 
voltage of Vr = (Voy — 0.5V) with S; open, and Low-to-High impedance tests are made to the V7 = (Vo, + 0.5V) level with S; closed. . 

2. All propagation delays are measured and specified under worst case conditions. 


VOLTAGE WAVEFORM TEST LOAD CIRCUIT 


43.00 —— — — 


MEASUREMENTS: 
All circuit delays are measured at the +1.5V level 
of inputs and outputs, unless otherwise specified. NOTE 


Cy and Co are to bypass Voc to GND. 





Input Pulses 


TIMING DEFINITIONS TIMING DIAGRAM 


SYMBOL PARAMETER 


Propagation delay between 






input and output. 





Delay between input change 
and when output is off (Hi-Z 
or High). 







Delay between input change 
and when output reflects 
specified output level. 
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Programmable logic array (22 x 42 x 10) 


LOGIC PROGRAMMING 

The PLS173 is fully supported by industry 
standard (JEDEC compatible) PLD CAD 
tools, including Signetics AMAZE, Data /O 
Corporation's ABEL™, and Logical Devices 
Incorporated's CUPL™ design software 
packages. 


OUTPUT POLARITY - (B) 


All packages allow Boolean and state 
equation entry formats. ABEL and CUPL also 
accept, as input, schematic capture format. 






[ACTIVE LEVEL_| CODE | 
aie 
PLS173 logic designs can also be generated es 

using the program table entry format detailed. 

on the following pages. This program table 

entry format is supported by the Signetics 

AMAZE PLD design software (PTP module). 

AMAZE is available free of charge to qualified 

users. 


To implement the desired logic functions, the 
state of each logic variable from logic 
equations (I, B, O, P, etc.) is assigned a 
symbol. The symbols for TRUE, COMPLE- 
MENT, INACTIVE, PRESET, etc., are defined 
below. , 


AND ARRAY - (I, B) 


LB 
IB 
LB 
BRD 


[stare [cove] 
[wactves? [0 _| 


OR ARRAY - (B) 
P Pp 
; $s s 
[_Pastatus | cove 
[—wactive [e _| 


0 
[— acme’ [a _| 





NOTES: 

1. This is the initial unprogrammed state of all link pairs. !tis normally associated with all unused 
(inactive) AND gates P,, Dp. 

2. Any gate P,, D, will be unconditionally inhibited if both the True and Complement of any input 
(I, B) are left intact. 


ABEL is a trademark of Data I/O Corp. 
CUPL is a trademark of Logical Devices, Inc. 
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PLS173 






[ACTIVE LEVEL [CODE] 


LOW L 
(INVERTING) 





PD 


[stare | cove] 
[pontcane | - | 


VIRGIN STATE 


A factory shipped virgin device contains . all 


” fusible links intact, such that: 


1. All outputs are at “H” polarity. 
2. All P, terms are disabled. 


3. All P, terms are active on all outputs. 
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PLS173 


(22 x 42 x 10) 


ic array 


Programmable log 


PROGRAM TABLE 
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October 18, 1990 


Philips Components-Signetics 


Document Nojass-1208 
ECN No. 


DESCRIPTION 

The PLUS173 PLDs are high speed, 
combinatorial Programmable Logic 
Arrays. The Signetics state-of-the-art 
Oxide Isolated Bipolar fabrication 
process is employed to produce 
propagation delays as short as 12ns. 


The 24-pin PLUS173 devices have a 
programmable AND array and a 
programmable OR array. Unlike PAL ® 
devices, 100% product term sharing is 
supported. Any of the 32 logic product 
terms can be connected to any or all of 
the 10 output OR gates. Most PAL ICs 
are limited to 7 AND terms per OR 
function; the PLUS173 devices can 
support up to 32 input wide OR 
functions. 













Date of Issue 









The polarity of each output is user- 
programmable as either Active-High or 
Active-Low, thus allowing AND-OR or 
AND-NOR logic implementation. This 
feature adds an element of design 
flexibility, particularly when implementing 
complex decoding functions. 


The PLUS173 devices are user- 
programmable using one of several 
commercially available, industry 
standard PLD programmers. 


_ © Fault detectors 


PLUS173B/D 


Programmable logic arrays 
(22 x 42 x 10) 


FEATURES 

© /O propagation delays (worst case) 
— PLUS173B — 15ns max. 
~ PLUS173D — 12ns max. 

® Functional superset of 20L10 and 


most other 24-pin combinatorial PAL 
devices 


PIN CONFIGURATIONS 


N Package 


© Two programmable arrays 


~- Supports 32 input wide OR 
functions 


© 12 inputs 
® 10 bi-directional VO 
© 42 AND gates 
— 32 logic product terms 
- 10 direction control terms 
© Programmable output polarity N = Plastic DIP (300mit wide) 
— Active-High or Active-Low 


© Security fuse 


A Package 


© 3-State outputs 
® Power dissipation: 750mW (typ.) 
© TTL Compatible 


APPLICATIONS 
© Random logic 


© Code converters 





© Function generators US a bs 5 ina 
© Address mapping A = Plastic Leaded Chip Carrier 
® Multiplexing 


@PAL is a registered trademark of Advanced Micro Devices Corporation. 
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PLUS173B/D 


@— (CONTROL TERMS) —fl 


g—_—————_ (LOGIC TERMS-P) —_—______-J 


Programmable logic arrays 


(22 x 42 x 10) 


Philips Components—Signetics Programmable Logic Devices 


LOGIC DIAGRAM 
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logic "0". 


Programmable connection. 


1. All programmed ‘AND’ gate locations are pulled to logic "1°. 
2. All programmed ‘OR’ gate locations are pulled to | 


NOTES: 


3.5 
September 20, 1990 


Philips Components-—Signetics Programmable Logic Devices Product Specfication 





Programmable logic arrays 
(22 x 42 x 10) | | PLUS173B/D 


FUNCTIONAL DIAGRAM 














ORDERING INFORMATION THERMAL RATINGS 


DESCRIPTION | ten (MAX) | ORDER CODE TEMPERATURE 
24-Pin Plastic DIP 300mil-wide PLUS173DN 


28-Pin Plastic Leaded Chip Carrier | t5ns | PLUS173BA | Allowable tharnal ree 75°C 
| 12ns ambient to junction 
































28-Pin Plastic Leaded Chip Carrier PLUS173DA 


ABSOLUTE MAXIMUM RATINGS" 


SYMBOL 
Vcc 





PARAMETER | MIN 
Supply voltage Py an 
ae 
| -30 | 


Input voltage 
Output voltage 


Output currents 
Operating free-air temperature range 


Storage temperature range 


NOTES: 

1. Stresses above those listed may cause malfunction or permanent damage to the device. This 
is a stress rating only. Functional operation at these or any other condition above those 
indicated in the operational and programming specification of the device is not implied. 
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Programmable logic arrays B/D 
(22 x 42 x 10) PLUS173B/ 





DC ELECTRICAL CHARACTERISTICS 
0°C < Tamb $ +75°C, 4.75 $ Voc $ 5.25V 


LIMITS 
SYMBOL PARAMETER TEST CONDITIONS | MIN. | TYP? | MAX | _UNIT 


Input voltage” 


Vie Low Voc = MIN V 
Vin High © Voc = MAX Vv 
Vic Clamp Voc = MIN, lin =-12mA 0.8 Vv 
Output voltage” 
Vv 
= V 
Voc = MAX 
Vin = 0.45V -100 pA 
High Vin = Vcc 40 pA 


or current? 
aaa current 







































Voc = MAX 
lo(orF) Hi-Z state® Vour = 2.7V 
Vout = 0.45V ~140 
Short circuit? 5 & Vout = OV 
ses 

. Input 8 pF 

Vo 15 pF 

. All typical values are at Voc = 5V, Tanb = +25°C. 

All voltage values are with respect to network ground terminal. 

Test one ata time. 

Measured with inputs 10 — 14 = OV, inputs I5 —19 = 4.5V, 111 = 4.5V and 119 = 10V. For outputs BO — B4 and for outputs B5 — B9 apply the 

Same conditions as Note 4 except input 111 = +10V. 

Duration of short circuit should not exceed 1 second. 

lec is measured with inputs 10 —111 and BO — B9 = OV. Part in Virgin State. 
Leakage values are a combination of input and output leakage. 


ores: 
same conditions except 111 = OV. 
I. and Iyy4 limits are for dedicated inputs only (10 — 111). 


©CONOA -PONMH 


September 20, 1990 212 


Philips Components—Signetics Programmable Logic Devices 


Product Specfication 





Programmable logic arrays 


(22 x 42 x 10) 


PLUS173B/D 





AC ELECTRICAL CHARACTERISTICS 
0°C S$ Tamb S$ +75°C, 4.75 S Voc $ 5.25V, Ry = 3009, Ro = 3902 


LIMITS 
PLUS173D 





NOTES: : 


1, For 3-State outputs; output enable times are tested with C_ = 30pF to the 1.5V level, and S; is open for high-impedance to High tests and 
closed for high-impedance to Low tests. Output disable times are tested with C, = 5pF. High-to-High impedance tests are made to an output 
voltage of V7 = (Voy — 0.5V) with S, open, and Low-to-High impedance tests are made to the Vy = (Vo, + 0.5V) level with S, closed. 

2. All propagation delays are measured and specified under worst case conditions. 


VOLTAGE WAVEFORM 


ee eles 


MEASUREMENTS: 
All circuit delays are measured at the +1.5V level 
of inputs and outputs, uniess otherwise specified. 


Input Pulses 


TIMING DEFINITIONS 


SYMBOL PARAMETER 


tpp Propagation delay between 
input and output. 






Delay between input change 
and when output is off (Hi-Z 
or High). 







Delay between input change 
and when output reflects 
specified output level. 


September 20, 1990 





TEST LOAD CIRCUIT 


OUTPUTS 


NOTE: 
Cy and Co are to bypass Vcc to GND. 


Test Load Circuit 


TIMING DIAGRAM 
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Programmable logic arrays -PLUS173B/D 
(22 x 42 x 10) 

LOGIC PROGRAMMING OUTPUT POLARITY — (B) 


The PLUS173 series is fully supported by 
industry standard (JEDEC compatible) PLD 
CAD tools, including Signetics AMAZE, 


SLICE and SNAP design software packages. 


ABEL™ and CUPL™ design software 
packages also support the PLUS173 
architecture. 


All packages allow Boolean and state 
equation entry formats. SNAP, ABEL and 
CUPL also accept, as input, schematic 
capture format. 


PLUS 173 logic designs can also be 
generated using the program table entry 
format, which is detailed on the following 
page. This program table entry format is 
supported by AMAZE and SLICE only. Both 
AMAZE and SLICE design packages are 
available, free of charge, to qualified users. 


To implement the desired logic functions, the 
state of each logic variable from logic 
equations (I, B, O, P, etc.) is assigned a 
symbol. The symbols for TRUE, 
COMPLEMENT, INACTIVE, PRESET, etc., 
are defined below. 


AND ARRAY - (I, B) 






ee 
[—actve™ [a 





NOTES: 








— 


[ACTIVE LEVEL [CODE] 


LOW L 
(INVERTING) 





HIGH! 
NONINVERTING: 


VIRGIN STATE 

A factory shipped virgin device contains all 
fusible links intact, such that: 

1. All outputs are at “H” polarity. 


2. All P, terms are disabled. 


3. All P, terms are active on all outputs. 






[Pa StaTus | CODE] 
[—imactwe [| 


1. Thisis the initial unprogrammed state of all link pairs. Itis normally associated with all unused 


(inactive) AND gates P,, Dy. 


2. Any gate Py, D, will be unconditionally inhibited if both the true and complement of any input 


(|, B) are left intact. 


ABEL is a trademark of Data VO Corp. 
CUPL is a trademark of Logical Devices, tnc. 


September 20, 1990 


214 


Product Specfication 


PLUS173B/D 
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(22 x 42 x 10) 
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PROGRAM TABLE 
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Programmable logic arrays | 
(22 x 42 x 10) PLUS173B/D 


SNAP RESOURCE SUMMARY DESIGNATIONS 
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Document No.] 853-1422 
ECN No. 99372 
Date of Issue | April 17, 1990 


Product Specification 


Programmable Logic Devices 


DESCRIPTION 

The PLUS173-10 PLD is a high speed, 
combinatorial Programmable Logic 
Array. The Signetics state-of-the-art 
Oxide Isolated Bipolar fabrication 
process is employed to produce 
maximum propagation delays of 10ns or 
less. 


The 24-pin PLUS173—10 device has a 
programmable AND array and a 
programmable OR array. Unlike PAL® 
devices, 100% product term sharing is 
supported. Any of the 32 logic product 
terms can be connected to any or all of 
the 10 output OR gates. Most PAL ICs 
are limited to 7 AND terms per OR 
function; the PLUS173—10 device can 
support up to 32 input wide OR 
functions. 














The polarity of each output is user- 
programmable as either Active-High or 
Active-Low, thus allowing AND-OR or 
AND-NOR logic implementation. This 
feature adds an element of design 
flexibility, particularly when implementing 
complex decoding functions. 


The PLUS173-10 device is user- 
programmable using one of several 
commercially available, industry 
standard PLD programmers. 





PLUSi73—10 


Programmable logic array 
(22 x 42 x 10) 


FEATURES PIN CONFIGURATIONS 
@ \/O propagation delays 


— 10ns (worst case) N Package 


© Functional superset of 20L10 and 
most other 24-pin combinatorial PAL 
devices 


© Two programmable arrays 


— Supports 32 input wide OR 
functions 


® 12 inputs 
® 10 bi-directional /O 
© 42 AND gates 


— 32 logic product terms 
- 10 direction control terms 


© Programmable output polarity 


~ Active-High or Active-Low N = Plastic DIP (300mil-wide) 


® Security fuse 


A Package 


© 3-State outputs 
® Power dissipation: 825mW (typ.) 
@ TTL Compatible 


APPLICATIONS 

@ Random logic 

@ Code converters 

© Fault detectors 

© Function generators 
19 HO GNDI11 BO B1 B2 


@ Address mappin 
Pee A = Plastic Leaded Chip Carrier 





® Multiplexing 


@PAL bs a registered trademark of Advanced Micro Devices Corporation. 
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Programmable logic array 


(22 x 42 x 10) 
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logic "0". 


3100000024 23008 


2 82 68 8 8 


: Programmable connection. 


1. All programmed ‘AND’ gate locations are pulled to logic "1°. 
2. All programmed ‘OR’ gate locations are pulled to | 


NOTES: 
3. 





LOGIC DIAGRAM 
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- Programmable logic array : 
(22% 42% 10) PLUS173—10 





FUNCTIONAL DIAGRAM 





ORDERING INFORMATION THERMAL RATINGS 


DESCRIPTION | tep (MAX) | ORDER CODE TEMPERATURE 
24-Pin Plastic DIP 300mil-wide | tons PLUS173-10N 150°C 
28-Pin Plastic Leaded Chip Carrier PLUS173—10A 


Allowable thermal rise 75°C 
ambient to junction 




































Supply voltage 


Input voltage 


_ Output voltage _ 


Output currents 
Operating free-air temperature range 


NOTES: 

1. Stresses above those listed may cause malfunction or permanent damage to the device. This 
is a stress rating only. Functional operation at these or any other condition above those 
indicated in the operational and programming specification of the device is not implied. 
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Programmable logic array 10 
(22 x 42 x 10) Beas 


DC ELECTRICAL CHARACTERISTICS 
0°C < Tamb S +75°C, 4.75 < Voc $ 5.25V 


LIMITS 
SYMBOL PARAMETER TEST CONDITIONS | MIN | Typt | MAX | UNIT 


Input voltage? 


Vit Low Vcc = MIN Vv 
Vin High Veco = MAX Vv 
Vic Clamp Voc = MIN, lin =-12mA -0.8 Vv 


Output voltage? 


Voc = MIN 
Vor Low4 lo = 15mA Vv 
Vou High® lou = -2mA Vv 


Input current® 


Ie Low =Q. -100 pA 
Ii High = 40 pA 


Output current 


Veg = MAX 
lQ(OF F) Hi-Z state® Vout = 2.7V 
Vout = 0.45V —140 
Short circuit?: 5 6 Vout = OV 


Coe th Geiser te nee | ere 


Capacitance 





All typical values are at Voc = 5V, Tam = +25°C. 

All voltage values are with respect to network ground terminal. 

Test one at a time. 

Measured with inputs 10 — 14 = OV, inputs 15 — 19 = 4.5V, 111 = 4.5V and 110 = 10V. For outputs BO — B4 and for outputs B5 — B9 apply the 
same conditions except 111 = OV. 

Same conditions as Note 4 except input 111 = +10V. 

Duration of short circuit should not exceed 1 second. 

Icc is measured with inputs 10 —111 and BO — B9 = OV. Part in Virgin State. 

Leakage values are a combination of input and output leakage. 

li, and I, limits are for dedicated inputs only (10 ~ Ij4}). 


CONN RON 
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Programmable logic array 


sis a0) PLUS173-10 





AC ELECTRICAL CHARACTERISTICS 
0°C S Tamb $ +75°C, 4.75 $ Voc $ 5.25V, Rj = 3002, R2 = 3902 


TEST 
SYMBOL PARAMETER TO CONDITION 


[eo | Prepgaton aay? | owes | Cuipurar | Grn spr | 
eo [Out abe? |p| Ont 
NOTES: 


1. For 3-State outputs; output enable times are tested with C, = 30pF to the 1.5V level, and S, is open for high-impedance to High tests and 
closed for high-impedance to Low tests. Output disable times are tested with C, = 5pF. High-to-High impedance tests are made to an output 
voltage of Vr = (Voy — 0.5V) with S; open, and Low-to-High impedance tests are made to the V7 = (VoL + 0.5V) level with S; closed. 

2. All propagation delays are measured and specified under worst case conditions. 










VOLTAGE WAVEFORM 


+3.0V — 


a. os 


TEST LOAD CIRCUIT 





OUTPUTS 


MEASUREMENTS: 


All circuit delays are measured at the +1.5V level 
of inputs and outputs, unless otherwise specified. 


Input Pulses 


TIMING DEFINITIONS 


NOTE: 
C1 and C2 are to bypass Vcc to GND. 





TIMING DIAGRAM 


Test Load Circuit 


SYMBOL PARAMETER 


Propagation delay between 






input and output. 





Delay between input change 
and when output is off (Hi-Z 
or High). 







Delay between input change 
and when output reflects 
specified output level. 





April 17, 1990 221 


Philips Components—Signetics Programmable Logic Devices Product Specification 





Programmable logic array | 
| (22 x 42 x 10) pevst7s-10 


LOGIC PROGRAMMING OUTPUT POLARITY — (B) 
The PLUS 173-10 is fully supported by 
industry standard (JEDEC compatible) PLD 
CAD tools, including Signetics AMAZE, 
SLICE and SNAP design software packages. 
ABEL™ and CUPL™ design software 
packages also support the PLUS173-10 
architecture, 


All packages allow Boolean and state [ ACTIVELEVEL | CODE | [ ACTIVELEVEL | CODE | 
equation entry formats. SNAP, ABEL and Low 

capture format. 

PLUS173-—10 logic designs can also be 
generated using the program table entry 
format, which is detailed on the following 
page. This program table entry formatis — 
supported by AMAZE and SLICE only. Both 
AMAZE and SLICE design packages are 
available, free of charge, to qualified users. 





To implement the desired logic functions, the : ; , 
state of each logic variable from logic 

equations (1, B, O, P, etc.) is assigned a 

symbol. The symbols for TRUE, 

COMPLEMENT, INACTIVE, PRESET, etc., 

are defined below. 


AND ARRAY - (1, B) 


P,D 


[stare | cove_| 
[ponteane | - | 











OR ARRAY - (B) _ VIRGIN STATE 


A factory shipped virgin device contains all 
P P 


fusible links intact, such that: 

1. All outputs are at “H” polarity. 
a a [_Pastavus | cove | 
| acrvet [A [active |e _| 


2. All P, terms are disabled. 


3. All P, terms are active on all outputs. 





NOTES: 

1. Thisis the initial unprogrammed state of all link pairs. Itis normally associated with all unused 
(inactive) AND gates P,, D,. 

2. Any gate P,, D, will be unconditionally inhibited if both the true and complement of any input 
(1, B) are left intact. 


ABEL bs a trademark of Data VO Copp. 
CUPL Is a trademark of Logical Devices, Inc. 


April 17, 1990 | 222 


Product Specification 


PLUS173—10 


POLARITY 


~ 


2 
’ 


a Na Neal Nigel Weasel 
[23] 22] 21 | 20] 19 [10 [17 [16 [15 [14 


o 
-_ 


pn fra|as fio fo fel 7 |e [s [4] 3] 2] 1 [20] 22] 21[20| 19 [1a {17 [16 |15 | 14] 


“yue(Q ye] ©q UD suse} JONpod pesnuN ‘Es 
*(—) 09 1,U0q 


aiva~ Aau # ATEVL WVYD0ud 


AWVN 
ATEVINVA 


223 


Programmable logic array 


(22 x 42 x 10) 
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PLA PROGRAM TABLE 
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Programmable logic array . 
(22 x 42 x 10) ., | PLUS173—10 
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Document No. 
Date of Issue 


DESCRIPTION 

The PLS100 (3-State) and PLS101 
(Open Collector) are bipolar, fuse 
Programmable Logic Arrays (PLAs). 
Each device utilizes the standard 
AND/OR’/tnvert architecture to directly 
implement custom sum of product 
equations. 









Each device consists of 16 dedicated 
inputs and 8 dedicated outputs. Each 
output is capable of being actively 
controlled by any or all of the 48 product 
terms. The True, Complement, or Don’t 
Care condition of each of the 16 inputs 
and be ANDed together to comprise one 
P-term. All 48 P-terms can be 
selectively ORed to each output. 


The PLS100 and PLS101 are fully TTL 
compatible, and chip enable control for 
expansion of input variables and output 
inhibit. They feature either Open 
Collector or 3-State outputs for ease of 
expansion of product terms and 
application in bus-organized systems. 


Order codes are listed in the Ordering 
Information Table. 


PLS100 / PLS101 


Programmable logic arrays 
(16 x 48 x 8) 


FEATURES PIN CONFIGURATIONS 
© Field-programmable (Ni-Cr link) 
N Package 
® Input variables: 16 
© Output functions: 8 
® Product terms: 48 
®@ [/O propagation delay: 50ns (max.) 
© Power dissipation: 600mW (typ.) 
@ Input loading: —100A (max.) 
® Chip Enable input 
© Output option: 
— PLS100: 3-State 
— PLS101: Open-Collector 
© Output disable function: 
— 3-State: Hi-Z 
— Open-Collector: High 
* Fuse Enable Pin: It is recommended that this pin 
be left open or connected to ground during normal 


APPLICATIONS operation. 
@cCRT display systems N = Plastic DIP (600mit-wide) 


®@ Code conversion 


A Package 


© Peripheral controllers 

© Function generators 

@ Look-up and decision tables 
@ Microprogramming 

@ Address mapping 

@ Character generators 

© Data security encoders 

© Fault detectors 

© Frequency synthesizers 

® 16-bit to 8-bit bus interface 


© Random logic replacement 2 Fis p heated Gn Saree 
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PLS100 / PLS101. 
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Programmable logic arrays 


(16 x 48 x 8) 


2c & 


e ze 
| | | / 
<n = — { 
7 | | wo) () 
” 77) a” 
° 7 oP ; 
(\x' (\>< (\>’ (\>< 0) 





47 0 0 00 0 040 39000 00 032 3ieccece 24 Beocceee Wi5eeesee 8 Teeoeeve 0 


110 {25} | 
111 [24+ —2 


ROPE EEE eee 
{ 


» Programmable connection. 


All AND gate Inputs with a blown link float to a logic “1”. 
2. All OR gate Inputs with a blown fuse float to logic “0”. 


LOGIC DIAGRAM 
3. ¢ 


NOTES: 


1, 





226 


May 11, 1988 


Philips Components—Signetics Programmable Logic Devices Product Specification 


Programmable logic arrays _ 101 
(16 x48 x8) PLS100 / PLS10 


FUNCTIONAL DIAGRAM 


TYPICAL CONNECTION 





ORDERING INFORMATION 


28-Pin Plastic Leaded Chip Carrier 
ABSOLUTE MAXIMUM RATINGS! 
ve 
V 
V 



















We 
[aa 
ma 
Ee 


a 


Storage temperature range —65 to +150 


NOTE: 

1. Stresses above those listed may cause malfunction or permanent damage to the device. This 
is astress rating only. Functional operation at these or any other conditions above those indicated 
in the operational and programming specification of the device is not implied. 





THERMAL RATINGS The PLS100 device is also processed to 
military requirements for operation over the 
TEMPERATURE 


military temperature range. For specifications 
and ordering information consult the Philips 


7 Components-—Signetics Military Data 
Allowable thermal rise "7506 
ambient to junction 












Handbook. 
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Programmable logic arrays | 
(16 x 48 x 8) PLS100 / PLS101 








DC ELECTRICAL CHARACTERISTICS 
O°C S Tamb S +75°C, 4.75V S Voc $5.25V 


SYMBOL | PARAMETER: TEST CONDITIONS | MIN) | Typ! | MAX | UNIT 


Input voltage” 
Veo =MAX Vv 
Voc = MIN Vv . 
Voc = MIN, ty = -12mA 0.8 Vv 
Voc = MIN 
Vou High (PLS100)4 low =-2mA Vv 
Vot LowS — loc = 9.6mA ov 


Input current 
High Vin = 5.5V 
Fe caeehuacttttnn tae 
Output current 
Hi-Z state (PLS100) 









































lo(oFF) CE = High, Voc = MAX 









Vout = 5.5V 1 40 HA 
Vout = 0.45V - 40 pA 
Short circuit (PLS100) 3.8 TE = Low, Vout = OV 15 ~70 mA 


Sas 








CE = High, Voc = 5.0V 
Vin = 2.0V 
Vout = 2.0V 


1. All typical values are at Voc = 5V, Tam = +25°C. 

2. All voltage values are with respect to network ground terminal. 

3. Test one pin ata time. 

4. Measured with Vj applied to CE and a logic high stored. 

5. Measured with a programmed logic condition for which the output testis at a low logic level. Output sink current is applied through a resistor 
to Voc 


6. Duration of short circuit should not exceed 1 second. 
7. Icc is measured with the Chip Enable input grounded, all other inputs at 4.5V and the outputs open. 
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Programmable logic arrays 
(16 x 48 x 8) PLS100 / PLS101 








AC ELECTRICAL CHARACTERISTICS 
0°C < Tam s +75°C, 4.75 < Voc < §.25V, Ry = 470Q, Ro = 1kQ 


f ITS 


Propagation delay 


Peo [het —SOs=~“*‘idrC Ce CCC 
cc | cinerea’ [up | Creme | fs | » | = | 


Disable time 


er 


NOTES: 

1. All typical values are at Voc = 5V. Tamb = +25°C. 

2. All propagation delays are measured and specified under worst case conditions. 

3. For 3-State output; output enable times are tested with C, = 30pF to the 1.5V level, and S, is open for high-impedance to High tests and 
closed for high-impedance to Low tests. Output disable times are tested with C, = 5pF. High-to-High impedance tests are made to an output 
voltage of V7 = (Vo — 0.5V) with S; open, and Low-to-High impedance tests are made to the V7 = (Vo, + 0.5V) level with S, closed. 

















VOLTAGE WAVEFORMS TEST LOAD CIRCUIT 


a 


OUTPUTS 


MEASUREMENTS: 
All circuit delays are measured at the +1.5V level of 


inputs and outputs, unless otherwise specified. NOTE: 


Input Pulses Cy and Co are to bypass Vcc to GND. 





TIMING DEFINITIONS _ TIMING DIAGRAM 


SYMBOL PARAMETER 
tce 


ei Delay between beginning of 








Chip Enable Low (with Input 
valid) and when Data Output 
becomes valid. 









Delay between when Chip 
Enable becomes High and 
Data Output is in off state 

(Hi-Z or High). 


Delay between beginning of 
valid Input (with Chip Enable 
Low) and when Data Output 
becomes valid. 





Read Cycle 
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Programmable logic arrays 

aren g y PLS100 / PLS101 
(16 x 48 x 8) 

LOGIC PROGRAMMING All packages allow Boolean and state (PTP module). AMAZE is available free of © 

PLS100/PLS101 is fully supported by equation entry formats. ABEL and CUPL also _ charge to qualified users. 

industry standard (JEDEC compatible) PLD accept, as input, schematic capture fonnat. _ To implement the desired logic functions, the 

CAD tools, including Signetics’ AMAZE, PLS100/PLS101 logic designs can also be state of each logic variable from logic 

Data VO Corporation s ABEL and Logical generated using the program table entry equations (1, B, O, P, etc.) is assigned a 

Devices Inc.'s CUPL design software - format detailed on the following pages. This symbol. The sumbols for TRUE, -. 

packages. program table entry format is supported by COMPLEMENT, INACTIVE, PRESET, etc., 


the Signetics’ AMAZE PLD design software are defined below. V8 


OUTPUT POLARITY - (F) 











[ACTIVE LEVEL_[ CODE 


LOW ~ L 
(INVERTING) 





ee 
[—powteane | - _| 










++-D-: 


| INACTIVE | ? | 
NOTES: 


1. This is the initial unprogrammed state of all links. Itis normally associated with all unused 
(inactive) AND gates P,. i 
2. Any gate P,, will be unconditionally inhibited if any one of its (I) link pairs is left intact. 


[Pa StaTus [CODE | 
a 





VIRGIN STATE 

The PLS100/101 virgin devices are factory 

shipped in an unprogrammed state, with all 

fuses intact, such that: - 

1. All P, terms are disabled (inactive) in the 
AND array. 


2. All P, terms are active in the OR array. 


3. All outputs are Active-High. 
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CUSTOMER NAME PROGRAM TABLE ENTRIES 


INPUT VARIABLE OUTPUT FUNCTION OUTPUT ACTIVE LEVEL 


PURCHASEORDER#_ 

Don't C Prod. Term Prod. Term Not Active 
SIGNETICS DEVICE # CF (XXXX ont are! Present in Fp Present in Fp High 
CUSTOMER SYMBOLIZED PART#__— CT CH | SCL (dash) | AS 8 (petiod) 


NOTE NOTES NOTES 
TOTAL NUMBER OF PARTS Enter (-) for unused Inputs 1. Entries independent of output polarity. 1. Polarity programmed once only. 


of used P-terms. 2. Enter (A) for unused outputs of used P-terms. 2. Enter (H) for all unused outputs. 


PROGRAM TABLE #____==—Sss REV_____ DATE 


(1) LNdNI 


















YO 
te ee eed 


aL tL 










ALINV10d 


pre Mecfieteste i Wal lea SATIRE ECSU ie eI IIIs each Wish STIS 
eT Ae steele CR Ie Foes 











A31EVL WWYHDOud 


(8 x 8b x 9) 


sAewie o16o; ajqeuweisboig 


LOLS Td / 0OO0LS Id 


seoineq 21607 ejqeuwes6o1y soneubig-syueuodwoy sdiiyd 
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Philips Components-Signetics 


Programmable Logic Devices 


Section 5 
Programmable Logic 
Sequencer Device 
Data Sheets 


INDEX 

Series 20 
PLS155 Programmable Logic Sequencer (16 x 45 x 12); 14MHz ... 
PLS157 Programmable Logic Sequencer (16 xX 45 x 12); 14MHz ... 
PLS159A Programmable Logic Sequencer (16 x 45 x 12); 18MHz ... 
Series 24 
PLS167/A Programmable Logic Sequencers (14 x 48 x 6); 14, 20MHz . 
PLS168/A Programmable Logic Sequencers (12 x 48 x 8); 14, 20MHz . 
PLS179 Programmable Logic Sequencer (20 x 45 x 12); 18MHz ... 
PLC42VA12 CMOS Programmable Multi-function PLD 

(42 x 105 X 12); 25MHZ .. ee eee 
Series 28 
PLC415-16 CMOS Programmable Logic Sequencer 

(17 xX 68 X 8); 16MHZ 21 ee ee ee eee 
PLS105/A Programmable Logic Sequencers (16 x 48 x 8); 14, 20MHz . 
PLUS105-45 Programmable Logic Sequencer (16 x 48 x 8); 45MHz .... 
PLUS105-55 Programmable Logic Sequencer (16 x 48 x 8); 55MHz .... 
PLUS405-37/-45 

Programmable Logic Sequencers (16 x 64 x 8); 37, 45MHz. 

PLUS405-55 = Programmable Logic Sequencer (16 x 64 x 8); 55MHz .... 
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Document No.|ess-0317 CY 
ECN No. 
Date of Issue 


DESCRIPTION gates (L), steering inputs (I), (B), (Q) PIN CONFIGURATIONS 
The PLS155 is a 3-State output, and programmable output select lines 
registered logic element combining (E). N Package 
AND/OR gulealrays with clocked J-K The PLS155 is field programmable, 
flip-flops. Thase J-K flip-flops caer enabling the user to quickly generate 
frramcaly comer O'yee 82 customers using standard 
gate Fe. It features 4 registered I/O PEEING SoSH: 
outputs (F) in conjunction with 8 Order codes are listed in the Ordering 
bidirectional I/O lines (B). These yield Information Table. 

variable I/O gate and register 

configurations via control gates (D, L) 

ranging from 16 inputs to 12 outputs. 





PLS155 


Programmable logic sequencer 
(16 x 45 x 12) | | 











The AND/OR arrays consist of 32 logic FEATURES 

AND gates, 13 control AND gates, and —® fax = 14MHz 

21 OR gates with fusible link — 18.2MHz clock rate N = Plastic DIP (300mil-wide) 
connections for programming VO © Field-Programmable (Ni-Cr link) 

polarity and direction. All AND gates are ; : : A Package 
linked to 4 inputs (1), bidirectional /O ° 4 dedicated inputs 


lines (B), internal flip-flop outputs (Q), © 13 control gates a se 


and Complement Array output (C). The 

Complement Array consists of a NOR aise AND Gales 
gate optionally linked to all AND gates @ 21 OR gates 
for generating and propagating 


© 45 product terms: 
complementary AND terms. R 


— 32 logic terms 


On-chip T/C buffers couple either True 43 control terms 


(I, B, Q) or Complement (I, B, @, CT) 
input polarities to all AND gates, whose _—® 8 bidirectional /O lines Bg ONE RE BA 18S 
outputs can be optionally linked to all © 4 bidirectional registers Bn hlasiic Leaved Chip cane 

OR gates. Any of the 32 AND gates can 
drive bidirectional 1/O lines (B), whose 
output polarity is individually © Asynchronous Preset/Reset 
programmable through a set of Ex-OR 





© J-K, T, or D-type flip-flops 


gates for implementing AND-OR or © Complement Array APPLICATIONS . 
AND-NOR logic functions. Similarly, any ® Active-High or -Low outputs e Mandgormsaquentialiogis 

of the AND gates can drive the J-K © Programmable OE control ® Synchronous up/down counters 
inputs of all flip-flops. The Asynchronous im ; © Shift recist 

Preset and Reset lines (P, R), are driven  ® Positive edge-triggered clock eae 

from the OR matrix. @ Input loading: -100y1A (max.) © Bidirectional data buffers 

All flip-flops are positive edge-triggered © Power dissipation: 750mW (typ.) ® Timing function generators 

and can be used as input, output or 1/0 : : 

(for interfacing with a bidirectional data © TTL compatible system conmollers Synchrenizers 
bus) in conjunction with load control © 3-State outputs ® Priority encoder/registers 
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PLS155 


Product Specification 


Programmable logic sequencer (16 x 45 x 12) 


Philips Components-Signetics Programmable Logic Devices 


b 
= | 
¥ * 
bf fet 1 
eee hl 


ei >a os 
PITTI, sett UR f 


TE eee 


os 
cs 


L) 
DRDHIRI Bee 
Cec Re 
CC Re 4 
Coe ee 
Pc 
PCR 


Sa883885 4 Y S« 


2 
3 
g 
| CT 
i 


is Yo 


Fo 
F1 
F2 


1. All OR gate inputs with a blown link float to logic “0”. 
Programmable connection. 


2, All other gates and control inputs with a blown link float to logic “1”. 


3. @ denotes WIRE-OR. 


4. ¢ 





LOGIC DIAGRAM 


NOTES: 
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Programmable logic sequencer (16 x 45 x 12) PLS155 


FUNCTIONAL DIAGRAM 


(LOGIC TERMS) (CONTROL TERMS) 
an 





Bre the TE Oe STATE REGISTER ‘BC... 
NEXT STATE 
[TP .LtLet DoOooTS 
L fT LLL H SET Qo: dp = (Q3 + 2-1") -A-B-C... 
t Kg =0 
L bbeLHt RESET Q4:J;=0 
L fT LLHUH Ky =(Q3° Gy, °Qy° TH): A- BC... 
HT LLLH tee Fees 
H fT LLHEL TOGGLE Q3: Jz = (Q3 + G2°Q,°G)°A-B- 
X T X X LH 
X T XXHL NOTE: ==. 
NOT Similar logic functions are applicable for D 
1. Positive Logic: ane mode IP TepS: 
J-K =To+ 1+T2 Prerrrerreeeeiee tes Tat 
ae (lo-1y = ta...) « (Qo+ Qy ...)- VIRGIN STATE 
eee SeeD, oa, : The factory shipped virgin device contains all 
. Tdonois bdedeeed fron Lew.te righ foveal. fusible links intact, such that: 
4, * = Forced at F, pin for loading the J-K 1. OE is always enabled. 
flip-flop in the Input mode. The load , 
control term, Ly must be enabled (HIGH) 2. Preset and Reset are always disabled. 
and the p-terms that are connected tothe 3. All transition terms are disabled. 
jated flip-fl t be forced LOW 
(disabled) during Prolene. ro 4. All flip-flops are in D-mode unless other- 
5. AtP =R=H, Q=H. The final state of Q wise programmed to J-K only or J-K or D 


depends on which is released first. (controlled). ; 
6. ** = Forced at F, pin to load J-K flip-flop : , : 

independent of program code (Diagnostic 5: All B pins are inputs and all F pins are 

mode), 3-State B outputs. outputs unless otherwise programmed. 
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Programmable logic sequencer (16 x 45 x 12) PLS155 





ORDERING INFORMATION THERMAL RATINGS 


DESCRIPTION ORDER CODE 













TEMPERATURE 


Allowable thermal rise 75°C 
ambient to junction 








20-Pin Plastic DIP (300mil-wide) : PLS155N 
20-Pin Plastic Leaded Chip Carrier PLS155A 


ABSOLUTE MAXIMUM RATINGS! 


SYMBOL PARAMETER 


ed aa eT 
vin | putts | id 
Your | Oupuvetase Td 58 | Moo 
Fin | puteonons Sd] sma 
Past Pad 
tes 
5 














lout Output currents 
Operating temperature range 
Storage temperature range 


NOTES: 
1. Stresses above those listed may cause malfunction or permanent damage to the device. This 


is a stress rating only. Functional operation at these or any other condition above those 
indicated in the operational and programming specification of the device is not implied. 
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Programmable logic sequencer (16 x 45 x 12) PLS155 





DC ELECTRICAL CHARACTERISTICS 
0°C S$ Tab S +75°C, 4.75V S Voc $ 5.25V 


SYMBOL PARAMETER TEST CONDITION | MIN. | TYP! | MAX | UNIT 


cee voltage* 


be Voc = MAX 
Voc = MIN 
Clamp Voc = MIN, lin =-12mA 
or voltage? 


Voc = MIN 
Vou High low =-2mA 
VoL Low lot = 10mA 
ies High 
tie Low 


Output current 
































Voc = MAX 
Vout = 5.5V 
Vout = 0.45V 
Short circuit? ” Vout = OV 


a 


Capacitance 
Cin Input ; pF 
Court Output pF 


NOTES: 

1. All typical values are at Voc = 5V, Tamp = +25°C. 

2. All voltage values are with respect to network ground terminal. 

3. Test one ata time. 

4. Ico is measured with the OE input grounded, all other inputs at 4.5V and the outputs open. 
5 

6 

7. 









lo\oFF) Hi-Z state5. 6 

















. Leakage values are a combination of input and output leakage. 
. Measured with Vy applied to OE. 
. Duration of short circuit should not exceed 1 second. 
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Programmable logic sequencer (16 x 45 x 12) PLS155 





AC ELECTRICAL CHARACTERISTICS 
0°C S$ Tamb $ +75°C, 4.75V $ Voc $ 5.25V, Ry =4702, Ro = 1kO 


Pulse width 

















Setup time® 


[40 
eS SS 
tse | tnpunttvoughy =p rt [Ke | cen oopr | 20 


Hold time 





eee 

eee 
oor | Ouputdsabi® +d oes | ee | esr | 
al 
ese —— 
se ae 
fs 






a 


NOTES: 

1. All typical values are at Voc = 5V, Tanb = +25°C. 

2. To prevent spurious clocking, clock rise time (10% — 90%) < 10ns. 

3. For 3-State output; output enable times are tested with C, = 40pF to the 1.5V level, and S, is open for high-impedance to High tests and 
closed for high-impedance to Low tests. Output disable times are tested with C, = 5pF. High-to-High impedance tests are made to an output 
voltage of Vt = (Vox — 0.5V) with S; open, and Low-to-High impedance tests are made to the Vr = (Vo, + 0.5V) level with S, closed. 

. When using the Complement Array tcxp = 95ns (min). 

. Limits are guaranteed with 12 product terms maximum connected to each sum term line. 

. For test circuits, waveforms and timing diagrams see the following pages. 


anh 


VOLTAGE WAVEFORMS TEST LOAD CIRCUIT 


MEASUREMENTS: 
All circuit delays are measured at the +1.5V level 
of inputs and outputs, unless otherwise specified. 


NOTE: 
C4 and C9 are to bypass Voc to GND. 


input Pulses 
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Programmable logic sequencer (16 x 45 x 12) PLS155 





TIMING DIAGRAMS TIMING DEFINITIONS 


SYMBOL | PARAMETER 
tek —_| Width of input clock pulse. 
| tex. | Interval between clock pulses. 







| texe | Clock period 
Width of preset input pulse. 


Required delay between 
beginning of valid input and 
positive transition of clock. 


1B 
(INPUTS) 














Required delay between 
beginning of valid input forced 
at flip-flop output pins, and 

positive transition of clock. 




















F 
(OUTPUTS) 


Required delay between 
positive transition of clock and 
end of valid input data. 






Required delay between 
positive transition of clock and 
end of valid input data forced 

at flip-flop output pins. 






Flip-Flop Outputs Delay between positive 
transition of clock and when 
outputs become valid (with 


OE Low). 


Delay between beginning of 
Output Enable Low and when 
outputs become valid. 













Delay between beginning of 
Output Enable High and 
when outputs are in the 
OFF-State. 


Propagation delay between 
combinational inputs and 
outputs. 


1B 
(INPUTS) 







B 
(OUTPUTS) Delay between predefined 


Output Enable High, and 
when combinational outputs 
become valid. 













Delay between predefined 
Output Enable Low and when 
combinational outputs are in 

the OFF-State. 


Gate Outputs = 
Delay between positive 


transition of predefined 
Preset/Reset input, and 
when flip-flop outputs 

become valid. 
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Programmable logic sequencer (16 x 45 x 12) PLS155 





TIMING DIAGRAMS (Continued) 





1.5V 


4s tcKo 


*PRESET RESET 
(, B INPUTS) 
lee eae 


-— 
(RESET) i 
tpRO 
Vv 
: (RESET) _.-— OH 
1.5V 1.5V 

(OUTPUTS) (PRESET) ——_ 
Vor 
* The leading edge of preset/reset must occur only when the Input clock is "low", and must remain *high" as long as 
required to override clock. The falling edge of preset/reset can never go "low" when the Input clock fs "high". 


Asynchronous Preset/Reset 


1,8 
(LOAD SELECT) 


F 
(INPUTS) 


THERE E 


Flip-Flop Input Mode 
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Programmable logic sequencer (16 x 45 x 12) PLS155 
LOGIC PROGRAMMING PLS155 logic designs can also be generated —_ To implement the desired logic functions, the 
The PLS155 is fully supported by industry using the program table entry format detailed _state of each logic variable from logic 
standard (SEDEC compatible) PLD CAD on the following pages. This program table equations (I, B, O, P, etc.) is assigneda 
tools, including Singetics’ AMAZE, Data I/O entry format is supported by the Signetics symbol. The symbols for TRUE, 
Corporation's ABEL™, and Logical Devices AMAZE PLD design software (PTP module). COMPLEMENT, INACTIVE, PRESET, etc., 
Inc.'s CUPL™ design software packages. AMAZE is available free of charge to qualified are defined below. 

users. 


~All packages allow Boolean and state 
equation entry formats. ABEL and CUPL also 
accept, as input, schematic capture format. 


“AND” ARRAY - (I), (B), (Qp) 





GFL PR Dp 
[sane [3008 | 
DON'T CARE = 











(Tr Fe) (Tr Fe) 











J-K OR D 
(CONTROLLED) 


Notes on following page. 


ABEL is a trademark of Data VO Comp. 
CUPL is a trademark of Logica! Devices, Inc. 
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Programmable logic sequencer (16 x 45 x 12) PLS155 





“OR” ARRAY — (Q, = D-Type) 


Tn 


M = ENABLED Y 
O 
[>-4 


Ty STATUS Tastatus | CODE | 
ACTIVE (Set) INACTIVE (Resey | @ | 





“OR” ARRAY - (Q, = J-K Type) 


Tn STATUS 
INACTIVE 





NOTES: 

. This is the initial unprogrammed state of all link pairs. It is normally associated with all unused (inactive) AND gates. 
. Any gate (T, Fc, L, P, R, D)p_ will be unconditionally inhibited if both of the |, B, or Q links are left intact. 

. To prevent oscillations, this state is not allowed for C link pairs coupled to active gates T,, Fc. 

E, = O and Ep = ® are logically equivalent states, since both cause F,, outputs to be unconditionally enabled. 

. These states are not allowed for control gates (L, P, R, D), due to their lack of “OR” array links. 


np wr 
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PLS155 


ic sequencer 


Programmable log 


(16 x 45 x 12) 

















pea set oe uD Tish ele spt es [etsy SP l si ST she iaels look 
Jaa ek 


Program unused Q, B, P, and R bits in the OR array as (—) 


or (A), as applicable. 


ground of entries corresponding to states of virgin links 
3. Unused Terms can be left blank. 


exists in the table, shown BLANK for clarity. 
2. Program unused C, I, B, and Q bits in the AND array as (~). 


1. The device is shipped with all links intact. Thus a back- 


NOTES 
4. Q(P) and Q (N) are respectively the present and next states 

















CONTROL 


f2[sfol fest afal2[s[ofsfaty| 
pot de ue Poe ed le 
pee Pes TEs Weal otis La 





INACTIVE |_© 
E 
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M 
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= 
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|__| 
re 
a 
aa 
| 7 
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za 
| 10 _| 
jas 
| 12_| 
| 39 | 
a 
eases, 
| is | 
| s7_| 
Ena 
| 19 | 
| 20 | 
pat | 
le 
le 
| 2a | 
Ee 
| 26 _| 
| 27 | 
| 20 
| je 
iu | 20 | 
© [a | 
| Fe | 
| be | 
| ta | 
7 
| bs _| 
| os _| 
| Ds | 
| 03 | 
| be | 
| bs | 
jbo | 
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PROGRAM TABLE 
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DESCRIPTION | 

The PLS157 is a 3-State output, 
registered logic element combining 
AND/OR gate arrays with clocked J-K 
flip-flops. These J-K flip-flops are 
dynamically convertible to D-type via a 
‘told-back’ inverting buffer and contro! 
gate Fc. It features 6 registered I/O 
outputs (F) in conjunction with 6 
bidirectional I/O lines (B). These yield 
variable I/O gate and register: 
configurations via control gates (D, L) 
ranging from 16 inputs to 12 outputs. 


The AND/OR arrays consist of 32 logic 
AND gates, 13 control AND gates, and 
21 OR gates with fusible link 
connections for programming I/O 
polarity and direction. All AND gates are 
linked to 4 inputs (1), bidirectional 1/0 
lines (B), internal flip-flop outputs (Q), 
and Complement Array output (C). The 
Complement Array consists of a NOR 
gate optionally linked to all AND gates 
for generating and propagating 
complementary AND terms. 


On-chip T/C buffers couple either True 
(|, B, Q) or Complement (1, B, @, C) 
input polarities to all AND gates, whose 
outputs can be optionally linked to all 
OR gates. Any of the 32 AND gates 
drives bidirectional I/O lines (B), whose 
output polarity is individually 
programmable through a set of Ex-OR 
gates for implementing AND-OR or 
AND-NOR logic functions. Similarly, any 
of the 32 AND gates can drive the J-K 
inputs of all flip-flops. The Asynchronous 
Preset and Reset lines (P, R), are driven 
from the AND array for 4 of the 8 
registers. The Preset and Reset lines (P, 
R) controlling the lower four registers 
are driven from the OR matrix. 


All flip-flops are positive edge-triggered 
and can be used as input, output or I/O 


PLS157 


Programmable logic sequencer 


(16 x 45 x 12) 


(for interfacing with a bidirectional data 
bus) in conjunction with load control 
gates (L), steering inputs (I), (B), (Q) 
and programmable output select lines 


(E). 


The PLS157 is field programmable, 
enabling the user to quickly generate 
custom patterns using standard 
programming equipment. 


Order codes are listed in the Ordering 
Information Table. 


FEATURES | 
© fax = 14MHz - 
— 18.2MHz clock rate 
@ Field-Programmable (Ni-Cr link) 
® 4 dedicated inputs 
© 13 control gates 
© 32 AND gates 
@ 21 OR gates 
© 45 product terms: 


"= 32 logic terms 


- 13 control terms 
© 6 bidirectional I/O lines 
® 6 bidirectional registers 
@ J-K, T, or D-type flip-flops 
© 3-State outputs 
@ Asynchronous Preset/Reset 
© Complement Array 
® Active-High or -Low outputs 
e Programmable OE contro! 
® Positive edge-triggered clock 
@ Input loading: —1 001A (max.) 
© Power dissipation: 750mW (typ.) 
© TTL compatible 
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PIN CONFIGURATIONS 


N Package 


N = Plastic DiP (300mil-wide) 


A Package 


Bz GND OE Bg Fo 
A = Plastic Leaded Chip Carrier 





APPLICATIONS 
@ Random sequential logic 


@ Synchronous up/down counters 
® Shift registers 

® Bidirectional data buffers 

@ Timing function generators 

® System controllers/synchronizers 


®@ Priority encoder/registers 
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FUNCTIONAL DIAGRAM 


(LOGIC TERMS) (CONTROL TERMS) 
L 
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LOGIC DIAGRAM 


b 
=| 


H- : pa ee Eee 
r) i of HK 
ee eee i ed 


Ss alt el eee 


eT Be 
Teas 
Uy 





i re ea 


A A DD ele | 
A) (\ =f af a AAO AIN O10 O10 Ala 
CTC eee is 


eH 
HEHEHE EHH 
SOC Eee 
ee 
Ses 
PTET Teer err Ere ye Pe 


A 


3 


AEG 
pe 
ls 


pe Yee reere ss8R8 3B 4 Y 


a——_—————_ (LOGIC TERMS-Tl) —___—_—__—_-‘§] BH" (CONTROL TERMS) —-—__—_—__—__8 


<> Programmable connection. 


2. All other gates and control Inputs with a blown link float to logic *1", 


3. ® denotes WIRE-OR. 


1, All OR gate inputs with a blown link float to logic “0”. 
4. 


NOTES: 
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VIRGIN STATE 


The factory shipped virgin device contains all 
fusible links intact, such that: 
1, OE is always enabled. 


2. Preset and Reset are always disabled. 
3. Alf transition terms are disabled. 
4 


. All flip-flops are in D-mode unless 
otherwise programmed to J-K only or J-K 
or D (controlled). 


5. AllB pins are inputs and all F pins are 
outputs unless otherwise programmed. 


LOGIC FUNCTION 


Q3_ Q2 Qi 0 


STATE REGISTER 


[Te Te 1] Go.3) sexrsmare 


SET Qo: dg = (Q3 ° G2°Q,°Up)- ABC... 
Ko =0 
RESET Q1:J4 <0 
Ky =(Q3° Gg° Qy°Gp)'A-B-C... 
HOLD Qo:Jg=0 © 
K2=0 
TOGGLE Q3: Jgz = (Q3°G2°Q,°G) 'A°B'C... 
Kg = (Q3" Gg + Qy Gp) -A-B-C... 


PRESENT STATE 
A-B-C:... 





NOTE: 
Similar logic functions are applicable for D 
and T mode flip-flops. 


ORDERING INFORMATION 







DESCRIPTION 
20-Pin Plastic DIP (300mil-wide) 
20-Pin Plastic Leaded Chip Carrier 






ABSOLUTE MAXIMUM RATINGS! 


Output voltage 


Output currents 











SYMBOL PARAMETER 


| Voc | Supply voltage 
Vn Input voltage 


Operating temperature range 













FLIP-FLOP TRUTH TABLE 
ck PRY KO] F | 
pH 
X X HLX XIHI L 
X X LHX xX nee 
L T LLL LIQ} a 
L fT Ltt Hit] aH 
boy 4 db Ae 
L T L LH HIG] Q 
H tT LLL Ht] 
: 

+10V |X 7 eke 
Xo Ke ies 

NOTES: 

1. Positive Logic: 

J-K = To + Ty + To wc. eeeeeeceeeceeee T3 


1+ te 1 
ig a (Io- Iy- lo...) « (Qo- Qy «..)- 

2. t denotes transition from Low to High 
level. 

3. X= Don't care 

4. * = Forced at F, pin for loading the J-K 
flip-flop in the Input mode. The load 
control term, L, must be enabled (HIGH) 
and the p-terms that are connected to the 
associated flip-flop must be forced LOW 
(disabled) during Preload. 

5. AtP =R=H, Q =H. The final state of Q 
depends on which is released first. 

6. ** = Forced at Fy pin to load J-K flip-flop 
independent of program code (Diagnostic 
mode), 3-State B outputs. 


THERMAL RATINGS 
TEMPERATURE 


Maximum junction 






ORDER CODE 
PLS157N 
PLS157A 


RATINGS 


| MIN 

= 

eee 

ee oe 
| 30 

Bead 

fee 


75°C 









-30 





NOTES: 


1. Stresses above those listed may cause malfunction or permanent damage to the device. 
This is a stress rating only. Functional operation at these or any other condition above 
those indicated in the operational and programming specification of the device is not im- 
plied. 
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DC ELECTRICAL CHARACTERISTICS 
0°C S Tam S +75°C, 4.75V $ Veg $ 5.25V 


SYMBOL PARAMETER TEST CONDITION | MIN | Typ! | MAX | UNIT 


Input voltage” 


Vin High Vec = MAX Vv 
Vir Low Voc = MIN Vv 
Vic Clamp Voc = MIN, lin =—-t2mA -0.8 V 


Output voltage” 


Voo = MIN 
Vou High lou = -2mA Vv 
Vou Low lot = 10mA Vv 


Input current 


tin High Vin = 5.5V <1 80 pA 
he Low Viy = 0.45V. -10 | -100 pA 


Output current 


Voc = MAX 
loorr) Hi-Z state5. © Vout = 5.5V 
Vout = 0.45V -140 
los Short circuit? 7 Vout = OV 


ise eee pce foam) 


Capacitance 
Cin pF 
Court pF 


NOTES: 

All typical values are at Voc = 5V, Tamb = +25°C. 

. - All voltage values are with respect to network ground terminal. 

. Test one ata time. 

Icc is measured with the OE input grounded, all other inputs at 4.5V and the outputs open. 
Leakage values are a combination of input and output leakage. 

Measured with Vi, applied to OE 

. Duration of short circuit should not exceed 1 second. 









































NOMS OMs 
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AC ELECTRICAL CHARACTERISTICS 
0°C $ Tarp S$ +75°C, 4.75V S$ Voc $ §.25V, Ry =4700, Ro = 1kQ 


LIMITS 
SYMBOL PARAMETER ieee | ee TESTCONDITION | MIN | TYP’ | MAX | UNIT 


Pulse width =. 
| torn | Clock@High | K+ | CK- |= S0pF_— | | 20 || ns _| 
| tom | Clocktow |S CK- | K+ =| = 80pF_ | 30 —| 20 | ns 
| tome | Period | Ke TK | = 80pF_— | 70] 50 | ts 
| tenn | PresovResetpuise | B)- | B)+ | i =30F =| 40 | 30 | | ns | 


tcKp 

tprH 

i OY Gamer [o[* | [= 
Input (through = 

Pts | Complement Array)4 (1,B) CK+ C. = 30pF 65 

Hold time 




































NOTES: 

1. All typical values are at Voc = 5V, Tanb = +25°C. 

2. To prevent spurious clocking, clock rise time (10% — 90%) < 10ns. 

3. For 3-State output; output enable times are tested with C_ = 30pF to the 1.5V level, and S, is open for high-impedance to High tests and 
closed for high-impedance to Low tests. Output disable times are tested with C. = 5pF. High-to-High impedance tests are made to an output 
voltage of Vr = (Voy — 0.5V) with S; open, and Low-to-High impedance tests are made to the V7 = (Vo, + 0.5V) level with S; closed. 

4. When using the Complement Array tcxp = 95ns (min). 

5. Limits are guaranteed with 12 product terms maximum connected to each sum term line. 

6. For test circuits, waveforms and timing diagrams see the following pages. 


VOLTAGE WAVEFORMS TEST LOAD CIRCUIT 


+3.0V —— — — 


INPUTS 


MEASUREMENTS: 
All circuit delays are measured at the +1.5V level 
of inputs and outputs, unless otherwise specified. NOTE 


Cy and C9 are to bypass Vcc to GND. 


Input Pulses 
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TIMING DIAGRAMS TIMING DEFINITIONS 


Required delay between 
beginning of valid input and 
positive transition of clock. . 











1B 
(INPUTS) 













Required delay between 
beginning of valid input forced 
at flip-flop output pins, and 

positive transition of clock. 







Fe 
(OUTPUTS) Required delay between 


positive transition of clock and 
end of valid input data. 









Required delay between 
positive transition of clock and 
end of valid input data forced 

at flip-flop output pins. 


fy 


Flip-Fiop Outputs 










Delay between positive 
transition of clock and when 
outputs become valid (with 

OE Low). 








Delay between beginning of 
Output Enable Low and when 
outputs become valid. 








Delay between beginning of 
Output Enable High and 

LB when outputs are in the 
(INPUTS) OFF-State. 
Propagation delay between 
combinational inputs and 
outputs. 











rece 





B 
(OUTPUTS) 


Delay between predefined 
Output Enable High, and 
when combinational outputs 
become valid. 
1B 
(OUTPUT 
ENABLE) 





Delay between predefined 
Output Enable Low and when 
combinational outputs are in 

the OFF-State. 


Delay between positive 
transition of predefined 
Preset/Reset input, and 

when flip-flop outputs become 
valid. 


Gate Outputs 
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TIMING DIAGRAMS (Continued) 


1B 
(INPUTS) 


*PRESET RESET 
(, BINPUTS) 


(PRESET) y ad 
(RESET) — 


=——— Vi 
F (RESET) Vasy on 
(OUTPUTS) . (PRESET) No es 
Vou 


* The leading edge of preseV/reset must occur only when the input clock is "low", and must remain “high” as long as 
required to override clock. The falling edge of preset/reset can never go “low” when the input clock is “high”. 


Asynchronous Preset/Reset 


LB 


4s2 4H 


— ov 


WOO 


Flip-Flop Input Mode 
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LOGIC PROGRAMMING PLS157 logic designs can also be generated 
The PLS157 is fully supported by industry using the program table entry format detailed 
standard (JEDEC compatible) PLD CAD on the following pages. This program table 


tools, including Signetics’ AMAZE, Data l/O entry format is supported by the Signetics 
Corporation's ABEL™ and Logical Devices AMAZE PLD design software (PTP module). 
Inc.'s CUPL™ design software packages. AMAZE is available free of charge to qualified 


users. 
All packages allow Boolean and state 


equation entry formats. ABEL and CUPL also 
accept, as input, schematic capture format. 


“AND” ARRAY - (1), (B), (Qp) 











(Tr Fo) 







ACTION 
PROPAGATE 






J-K OR D 
(CONTROLLED) 


Notes on following page. 


ABEL is a trademark of Data VO Com. 
CUPL Is a trademark of Logical Devices, Inc. 
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(7, Fo, LP, R, Dy 


[sare] 008 | 


L 


Tn Fo) 


To implement the desired logic functions, the 
state of each logic variable from logic 
equations (I, B, O, P, etc.) is assigned a 
symbol. The symbols for TRUE, 
COMPLEMENT, INACTIVE, PRESET, etc., 
are defined below. 












(T. Fo, L, P, R, Din 


[sare | 008 | 
—wowreate [= _| 












(Tr Fo) 





TRANSPARENT 
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“OR” ARRAY — (Q, = D-Type) 


a 
M = ENABLED § 7 
Es 


Tn STATUS Tstatus | CODE | 
ACTIVE (Set) INACTIVE (Reset) Je | 





“OR” ARRAY —(Q, = J-K Type) 


Tn STATUS Tp STATUS 
AcTivE! INACTIVE 





NOTES: 

1. This is the initial unprogrammed state of all link pairs. It is normally associated with all unused (inactive) AND gates. 
2. Any gate (T, Fc, L, P, R, D)p will be unconditionally inhibited if both of the I, B, or Q links are left intact. 

3. To prevent oscillations, this state is not allowed for C link pairs coupled to active gates Ty, Fe. 

4. E, =O and E, = « are logically equivalent states, since both cause F, outputs to be unconditionally enabled. 

5. These states are not allowed for control gates (L, P, R, D), due to their lack of “OR” array links. 
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PROGRAM TABLE 












Y 


SLNSWWNOS aivd Aa # 31EVL WVYSDOud 
SLYVd 40 YAEWNN WLOL 


(-). Program unused Q, B, P, and R bits in the OR array 


as (-) or (A), as applicable. 


ground of entries corresponding to states of virgin links 
3. Unused Terms can be left blank. 


exists in the table, shown BLANK for clarity. 
2. Program unused C, |, B, and Q bits in the AND array as 


1. The device is shipped with all links intact. Thus a back- 
4. Q(P) and Q (N) are respectively the present and next 


NOTES 























CONTROL! A 
ENABLE ° 





CONTROL 
je} re} rz] 16} 15) 14) 19} 


MODE 


F/F 





JKorD | A 








TOGGLE 








1 
oO; xj) | 
| 
Wy 
be] 
Lu} WW 
oO} a 





Q3AI503y 3LVd 








# LYVd GAZMOGWAS YAaWOLSND # JOIAAd SOILANSIS 


# Y3QHO ASVHOUNd 












XXXX) JO 


PROPAGATE | ® 
TRANSPARENT |_— 


INACTIVE Oo 

L 
DON'T CARE | - 
INACTIVE oO 
GENERATE A 





SOILSANDIS AG GALS TdNOO 38 OL NOILYOd SIHL 





AWVN YAWOLSND 
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DESCRIPTION 

The PLS159A is a 3-State output, 
registered logic element combining 
AND/OR gate arrays with clocked J-K 
flip-flops. These J-K flip-flops are 
dynamically convertible to D-type via a 
“fold-back” inverting buffer and control 
gate Fe. It features 8 registered I/O 
outputs (F) in conjunction with 4 
bidirectional I/O lines (B). These yield 
variable VO gate and register 
configurations via control gates (D, L) 
ranging from 16 inputs to 12 outputs. 


The AND/OR arrays consist of 32 logic 
AND gates, 13 control AND gates, and 
21 OR gates with fusible link 
connections for programming I/O 
polarity and direction. All AND gates are 
linked to 4 inputs (I), bidirectional I/O 
lines (B), internal flip-flop outputs (Q), 
and Complement Array output (C). The 
Complement Array consists of a NOR 
gate optionally linked to all AND gates 
for generating and propagating 
complementary AND terms. 
















On-chip T/C buffers couple either True 
(I, B, Q) or Complement (I, B, ©, C) 
input polarities to all AND gates, whose 
outputs can be optionally linked to all 
OR gates. Any of the 32 AND gates can 
drive bidirectional I/O lines (B), whose 
output polarity is individually 
programmable through a set of Ex-OR 
gates for implementing AND-OR or 
AND-NOR logic functions. Similarly, any 
of the 32 AND gates can drive the J-K 
inputs of all flip-flops. There are 4 AND 
gates for the Asynchronous 
Preset/Reset functions. 


All flip-flops are positive edge-triggered 
and can be used as input, output or {/O 
(for interfacing with a bidirectional data 
bus) in conjunction with load control 






PLS159A - 


Programmable logic sequencer 
(16 x 45 x 12) 


PIN CONFIGURATIONS 
N Package 


gates (L), steering inputs (1), (B), (Q) 
and programmable output select lines 
(E). 


The PLS159A is field-programmable, 
enabling the user to quickly generate 
custom patterns using standard 
programming equipment. 


FEATURES 

© High-speed version of PLS159 

© fax = 18MHz 
— 25MHz clock rate 

@ Field-Programmable (Ni-Cr link) 

ea dedeated pul N = Plastic DIP (300mil-wide) 

®@ 13 contro! gates 

@ 32 AND gates 

@ 21 OR gates 

© 45 product terms: 
~- 32 logic terms 
— 13 control terms 


@ 4 bidirectional I/O lines 


A Package 
ly Ig CLK VocF7 


© 8 bidirectional registers 


e J-K, T, or D-type flip-flops B3 GND OE Fo Fy 





© Power-on reset feature on all pie heal Leaded bry carla 


flip-flops (F,_ = 1) 
© Asynchronous Preset/Reset APPLICATIONS 


© Complement Array @ Random sequential logic 


@ Active-High or -Low outputs 


® Programmable OE control © Shift registers 


© Positive edge-triggered clock © Biciroctional cata potlets 
® Input loading: —100,1A (max.) 
® Power dissipation: 750mW (typ.) 


© TTL compatible 


@ Timing function generators 


© Priority encoder/registers 


@ 3-State outputs 


257 


@ Synchronous up/down counters 


© System controllers/synchronizers 
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FUNCTIONAL DIAGRAM 


(LOGIC TERMS) 


(CONTROL TERMS) 





LOGIC FUNCTION 


Q3 Q2 Qi ao 


STATE REGISTER . 


eT eTo [+] Gas) nexrsmne 


SET Qo: dg = (Qg °° Gg°Q1°G) ABC... 
Kp=0 
RESET Q;: J, =0 
Ky =(Q3° G2° Qy°G)-A-B-C... 
HOLD Qa: Jo =0 
Ko =0 
TOGGLE Q3: Jg =(Q3° U2 °Q,* Up): A-B- 
Kg = (Q3° Gp ° Qy° Uo) A B- 


PRESENT STATE 
A-B-c-... 


C... 
C... 


NOTE: 
Similar logic functions are applicable for D 
and T mode flip-flops. 


VIRGIN STATE 


The factory shipped virgin device contains all 
fusible links intact, such that: 
1. OE is always enabled. 


2. Preset and Reset are always disabled. 
3. All transition terms are disabled. 
4 


. All flip-flops are in D-mode unless other- 
wise programmed to J-K only or J-K or D 
(controlled). 


5. All B pins are inputs and all F pins are 
outputs unless otherwise programmed. 


May 11, 1988 











CAUTION: PLS159A 
PROGRAMMING ALGORITHM 


The programming voltage required to 
program the PLS159A is higher (17.5V) than 
that required to program the PLS159 (14.5V). 
Consequently, the PLS159 programming 
algorithm will not program the PLS159A. 
Please exercise caution when accessing 
programmer device codes to insure that the 
correct algorithm is used. 


NOTES: 


ON 


ieee Logic: A r 
TAS Vt 14H ND cccccceee eee n enone 31 
Th = ©: (Io ty - lo...) (Qo Qy ...) = 


. »B,-... 

denotes transition from Low to High level. 
X = Don't care 

* = Forced at F,, pin for loading the J-K 
flip-flop in the Input mode. The load 
control term, L, must be enabled (HIGH) 
and the p-terms that are connected to the 
associated flip-flop must be forced LOW 
(disabled) during Preload. 


. AtP =R=H, Q=H. The final state of Q 


depends on which is released first. 

** = Forced at F, pin to load J-K flip-flop 
independent of program code (Diagnostic 
mode), 3-State B outputs. 
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LOGIC DIAGRAM 































a—_—_—_—______—_ (LOGIC TERMS-T)h» —————_-9) 2 (CONTROL TERMS) —_—————_9 
cE ETE ET ET PTET Tee ere TTP Pye Eye | | 
BEC hhie ere ee ere ee ee eee 
SPP ETT EET TET EPP) 
CeTtT ptt creereecec ere ere er rr err) ¥ 
Re ere eC eee Ee ela — eee 
CTT ET rTP rer ero retit;ti-: +i ttitiefdl UU UL Et tf Py Ld 
SEELEY] Red CRETE EebenerLeriinive pe ste lentes 
ELEC ECT Trey ry IB 2 a ee Pt dd 
PCCCCPTPO PET Tee PPT TEP TTT ee OE eT 
rel tet} dott Lt Let LLL, dd eb ee bs ceed 
PEPE EE yy] baa Eb pia bier eee eee eal 
ee Cee tte Pl CE Lt ee | Peep ae a ae 
EREDECEEEEEREDELEREEEEESEEELEER ER eto Lee 
CT erry TLeLeLieILLUT LILI CLeeseyeoeiT ||. tT fT Tr TT) 
PePE TERE TPE CEP Eee Te eT 
rreetty +i. ttt tthe tL LO  MTTWTLTTLUMTTTUL UD TY ed 
Pepe EET TERETE TPP EET Peeper ey ery 
rriedteLteLeLhL tO ttl Let EEE LILIT LWW UT OT Oe 
PEEP EPEPR EET TEE TT EEL ETT PPE yy Pe ee) 
rE TrriLtLiititteitteleetttththtLt! TPT LLL TWO DT Ee 
PEEP EEE TTP PETE Er Tryp eg 
REECE oce er Litenteeck tere bcehbtet tet Beto 
REECE PEE EEE ERE He Pei 
PEPE TPT TT EPP Tryp Pe eee ee 
Peer rr ee rp Trey [ee [tf tt tl le lol tt lL: DOOM eye ee ee Ee 
PEPPER EEL ee PEPE ie PrP eerrye Pe ey | 
Ped hd tee etl ld Le ee Lees ee ee TT TE 
Pee eT EER reer eee ee y 
PTR ETE Eee rg Pert ee ee te Pot ed 
PERRET CEC eee 
PERT PERT EEE LET PPT T TEP Tye TO 
ett Suvuvseeleeecuu een UUURQROU0OU0V0O00 O UO 
Prasanaas rT TTT) TIT IIIT] E 
3 > PREREEEEEELCE REEL ELE beeen 7 ArB 3] Bs 
oe ETT EE PCCCE EC INTTNE al 
: oh TH HEHEHE EEE Pe He a 
“TMT et aa 
ad foie 
HEE THR? la 
EEPEEE CCPPPEE Cer EEE - Se 
SS 
CEUTA TEST PEE ey MT a 
ro | 
TEE ES TTT or 
CETTE TEEPE TEEPE TEE ett {ITT 
r—t ot | 
UPUREA EEE EE PC) re 
AREE-TeTR ETE UE eC ett AIT I 
PEPE EEE EEE EEE SS 7 
UATE ee TE eS OS 
CCE en tH 
Tes Ter 
ETT en iis 
es Tel CO 
PEATE tes H : 
ETE TAPE Te oy 
5 : ras 
oT 


R 
° 
& 






NOTES: 

1. All OR gate inputs with a blown link float to logic "0". 

2. All other gates and control inputs with a blown link float to logic °1". 
3. @ denotes WIRE-OR. 

4. © Programmable connection. 
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ORDERING INFORMATION THERMAL RATINGS 
TEMPERATURE 













DESCRIPTION ORDER CODE 
20-Pin Plastic DIP (300mil-wide) PLS159AN 
20-Pin Plastic Leaded Chip Carrier PLS159AA 


ABSOLUTE MAXIMUM RATINGS! 


RATINGS 
SYMBOL PARAMETER 


a 
5 
vn Ea 

ead 










: 
our | Ouruteurens Sd 


NOTES: 
1, Stresses above those listed may cause malfunction or permanent damage to the device. This 


is a stress rating only. Functional operation at these or any other condition above those 
indicated in the operational and programming specification of the device is not implied. 


DC ELECTRICAL CHARACTERISTICS 
O°C < Tam $ +75°C, 4.75V S Voc S$ 5.25V 


LIMITS 
SYMBOL PARAMETER TEST CONDITION | MIN. | TYP! | MAX | UNIT 


Input voltage? 


Vin High Vec = MAX Vv 
Vir Low Vec = MIN Vv 
Vic Clamp Vec = MIN, lin =-12mA -0.8 Vv 
Output voltage? 


Vou High Veco = MIN, lou = —-2mA 2.4 Vv 
VoL Low lop = 10MA 0.35 Vv 
lie High Vec = MAX, Vin = 5.5V <1 80 pA 
tie Low Vin = 0.45V -10 -100 pA 


Output current 


locorF) Hi-Z state*: ? Voc = MAX, Vout = §.5V 80 pA 
Vout = 0.45V -140 pA 
las Short circuit. § Vout = OV -70 mA 












































Capacitance 

Cw Voc = 5.0V, Vin = 2.0V pF 

Cout Vout = 2.0V pF 
NOTES: 


. All typical values are at Voc = 5V, Tamb = +25°C. 

All voltage values are with respect to network ground terminal. 

Test one ata time. 

Measured with Vy applied to OE. 

Duration of short circuit should not exceed 1 second. 

Icc is measured with the OE input grounded, all other inputs at 4.5V and the outputs open. 
Leakage values are a combination of input and output leakage. 


NOOROD- 
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AC ELECTRICAL CHARACTERISTICS 
0°C < Tamb $ +75°C, 4.75V < Veg $ 5.25V, Ry =4702, Ro = 1kQ 


LIMITS 
SYMBOL PARAMETER FROM TESTCONDITION | MIN | TYP? | MAX | UNIT 


Poo | ede Heh —CC*dCOK CYC CdCl 
cS 
= cE 


Input (through 
hss Complement Array)* CK + C, = 30pF 


(I,B) + 
we Input (through F,,) iF CK + Cy = 30pF 


Propagation delay 
CL = 30pF 


ee 

Lee 

bea 

Futons | “ee iaies 
|e a al ae 

ees 

iisteatad 

Le 

ate 

peed 























| texo | 

oe a ae UE 

= rea aes — rae 
Preset/Reset 


NOTES: 

1. All typical values are at Voc = 5V, Ta = +25°C. 

2. To prevent spurious clocking, clock rise time (10% — 90%) < 10ns. 

3. For 3-State output; output enable times are tested with C, = 30pF to the 1.5V level, and S, is open for high-impedance to High tests and 
closed for high-impedance to Low tests. Output disable times are tested with C, = 5pF. High-to-High impedance tests are made to an output 
voltage of V7 = (Voy — 0.5V) with S; open, and Low-to-High impedance tests are made to the V7 = (Vo, + 0.5V) level with S, closed. 

4. When using the Complement Array tcxp = 75ns (min). 

5. Limits are guaranteed with 12 product terms maximum connected to each sum term line. 





= 30pF 


nn nn 
| | 


VOLTAGE WAVEFORMS TEST LOAD CIRCUIT 


3.0V———— 


OUTPUTS 


MEASUREMENTS: 
All circuit delays are measured at the +1.5V level 
o inputs and outputs, unless otherwise specified. 


NOTE: 


Input Pulses Cy and Co are to bypass Voc to GND. 
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TIMING DIAGRAMS 


1B 
(INPUTS) 


F 
(OUTPUTS) 


Flip-Flop Outputs 


8 
(INPUTS) 


B 
(OUTPUTS) 


8 
(OUTPUT 
ENABLE) 


Gate Outputs 


Voc 


F 
(OUTPUTS) 


8 
(INPUTS) 


1.5V 


‘CKH CKL 
‘CKP 


Power-On Reset 
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tckKH 
toKL 
tcKP 
tPRH 





Width of input clock pulse. 


SYMBOL }; PARAMETER 


Clock period. 


Interval between clock pulses. 
Width of preset input pulse. 


Required delay between 
beginning of valid input and 
positive transition of clock. 


Required delay between 
beginning of valid input forced 
at flip-flop output pins, and 
positive transition of clock. 


Required delay between 
positive transition of clock and 
end of valid input data. 


Required delay between 
positive transition of clock and 
end of valid input data forced 
at flip-flop output pins. 


Delay between positive 
transition of clock and when 
outputs become valid (with 
OE Low). 


Delay between beginning of 
Output Enable Low and when 
outputs become valid. 


Delay between beginning of 
Output Enable High and 
when outputs are in the 
OFF-State. 


Delay between Vcc (after 
power-on) and when flip-flop 
outputs become preset at “1” 
(internal Q outputs at “0"). 


Propagation delay between 
combinational inputs and 
outputs. 


Delay between predefined 
Output Enable High, and 
when combinational outputs 
become valid. 


Delay between predefined 
Output Enable Low and when 
combinational outputs are in 
the OFF-State. 


Delay between positive 
transition of predefined 
PresetReset input, and 

when flip-flop outputs become 
valid. 
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TIMING DIAGRAMS (Continued) 


LB 
(INPUTS) 


PRESET/RESET 


(l, BINPUTS) 


(PRESET) 
RESE 
Neo 
~<— tpRo 


(RESET) Vou 
1.5V 


1 
PRES 
Nd ee a a eh f =v wae VoL 


* Preset and Reset functions override Clock. However, F outputs may glitch with the first positive Clock Edge if ts} 
cannot be guaranteed by the user. 


F 
(OUTPUTS) 


Asynchronous Preset/Reset 


1,8 
(LOAD SELECT) 


F 
(INPUTS) 


— ov 


WORK 


Flip-Flop Input Mode 
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LOGIC PROGRAMMING 

The PLS159A is fully supported by industry 
standard (JEDEC compatible) PLD CAD 
tools, including Signetics’ AMAZE, Data I/O 
Corporation's ABEL™, and Logical Devices 
Inc.'s CUPL™ design software packages. 


All packages allow Boolean and state 


equation entry formats. ABEL and CUPL also 


accept, as input, schematic capture format. 


“AND” ARRAY - (1), (B), (Qp) 


(T, Fo, L PR, Din 


“COMPLEMENT” ARRAY - (C) 


(Tre Fo) 









Notes on following page. 


ABEL Is a trademark of Data VO Com. 
CUPL is a trademark of Logical Devices, Inc. 
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GENERATE 


“OR” ARRAY — (F-F CONTROL MODE) 


PLS159A logic designs can also be 
generated using the program table entry 
format detailed on the following pages. This 
program table entry format is supported by 
the Signetics AMAZE PLD design software 
(PTP module). AMAZE is available free of 
charge to qualified users. 


(T, Fo, LP, R, Dip 


[sare | 008 | 
(eee ee] 


(Tr Fe) 


CAUTION: 


To implement the desired logic functions, the 
state of each logic variable from logic 
equations (I, B, O, P, etc.) is assigneda 
symbol. The symbols for TRUE, 
COMPLEMENT, INACTIVE, PRESET, etc., 
are defined below. 


STATE 
DON'T CARE 





(Tn: Fe) 


ACTION 
PROPAGATE 


Tn STATUS 


INACTIVE (Reeet) 


THE PLS159A Programming Algorithm is different from the PLS159. 
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“OR” ARRAY — (Q, = J-K Type) 


) > 7 
M = DISABLEDY 7 
>—é 


TOGGLE 


“OR” ARRAY —(S or B) 


Tp STATUS Tn STATUS CODE 
active! INACTIVE ; 2 | 


“OE” ARRAY - (E) 


oat 


En 


ee 
enables =| @ | DISABLE 





NOTES: 

1. This is the initial unprogrammed state of all link pairs. It is normally associated with all unused (inactive) AND gates. 
2. Any gate (T, Fe, L, P, R, D), will be unconditionally inhibited if both of the 1, B, or Q links are left intact. 

3. To prevent oscillations, this state is not allowed for C link pairs coupled to active gates Tn, Fe. 

4. E, =O and E, = e are logically equivalent states, since both cause F, outputs to be unconditionally enabled. 

5. These states are not allowed for control gates (L, P, R, D), due to their lack of “OR” array links. 
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FPLS PROGRAM TABLE 


Pee 
pi ee 


Program unused Q, B, P, and R bits in the OR array as (-) 


or (A), as applicable. 


ground of entries corresponding to states of virgin links 
3. Unused Terms can be left blank. 


exists in the table, shown BLANK for clarity. 
2. Program unused C, I, B, and Q bits in the AND array as (-). 


4. Q (P) and Q (N) are respectively the present and next states 
of flip-flops Q. 


NOTES 
1. The device is shipped with all links intact. Thus a back- 


IDLE 
ENABLE 
OISABLE 





0 
FiF MODE 
ct We pee 


- 
3° 
c 
- 
= 
° 
oO 


FIFE 
MODE 


pee ate Ie NCIS GUD al oe MEM cde alae Vii (Mee Te 
Pap sealed] en Vel hola a edhe) skal ies Palalay ike tale [ea sola 
pee hee Sea Ab a Teta ea a eae | Pe| SPis ee e ecaPaee Onapy Seala 
eA EtG aE aes aoe see Wak ene LSP tale ie cits ale poe | 
j “r =P 


JKorD [A 


Lat sje} ol] sf 7] sf so] 19] v7] sel 5] a4 [13 | 22 | 





TO SLNAWNOOD] 7 CSLVO # 3A18VL WVYDOud 
Q3A1I3034 3LVd SLYVd JO YASWNN IWLOL 
# LUYVd GAZMOGWAS YAWOLSND # ADIAAG SOILANDIS 


INACTIVE |_* 
RESET 


TOGGLE 
HOLD 


BK 
Ww 
”n 


XXXX) dO # Y30HO ASVHOUNd 
SOILSNDIS AG GALA TIdWOO 3g OL NOILYOd SIHL AWVN YSWOLSNO 


INACTIVE 

DON'T CARE | — 
INACTIVE ° 
GENERATE A Cc 
PROPAGATE | ® 
TRANSPARENT _|_ — 
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Programmable Logic Devices 


DESCRIPTION 

The PLS167 and PLS167A are bipolar, 
Programmable Logic State machines of 
the Mealy type. The Programmable 
Logic Sequencers (PLS) contain logic 
AND/OR gate arrays with user 
programmable connections which 
control the inputs of on-chip State and 
Output Registers. These consist 
respectively of 8 Qe, and 4 Or 
edge-triggered, clocked S/R flip-flops, 
with an asynchronous Preset Option. 


All flip-flops are unconditionally preset to 
“1” during power turn-on. 


The AND array combines 14 external 
inputs, lo.13, with 8 internal inputs, P97, 
fed back from the State Register to form 
up to 48 transition terms (AND terms). In 
addition, Pp and P, of the internal State 
Register are brought off-chip to allow 
extending the Output Register to 6 bits, 
if so desired. 


All transition terms can include True, 
False, or Don’t Care states of the 
controlling variables, and are merged in 
the OR array to issue next-state and 
next-output commands to their 
respective registers on the Low-to-High 
transition of the Clock pulse. 


Both True and Complement transition 
terms can be generated by optional use 
of the internal variable (C) from the 
Complement Array. Also, if desired, the 
Preset input can be converted to 
output-enable function, as an additional 
user programmable option. 


Order codes are listed in the Ordering 
Information Table. 





PLS167/A 


Programmable logic sequencers 
(14 x 48 x 6) 


FEATURES PIN CONFIGURATIONS 
@ PLS167 
— fuax = 13.9MHz 
— 20MHz clock rate 
@ PLS167A 
— fax = 2OMHz 
— 25MHz clock rate 
© Field-Programmable (Ni-Cr link) 
© 14 True/Complement buffered inputs 


© 48 programmable AND gates 


N Package 


© 25 programmable OR gates 

© 8-bit State Register 

@ 2-bit shared State/Output Register 
© 4-bit Output Register _ 

@ Transition Complement Array N = Plastic DIP (300mi-wide) 


@ Programmable Asynchronous 
Preset/Output Enable 


© Positive edge-triggered clock 


A Package 


lg Is We CLK Vcch Ig 


© Power-on preset to logic “1” of all ra] [31 [2] [7] bal Bal Bo 


registers 

@ Automatic logic “HOLD” state via S/R 
flip-flops 

© On-chip Test Array 

© Power: 600mW (typ.) 

® TTL compatible 

© 3-State outputs 

® Single +5V supply 


Fy Fo GND Fz Po Py PRICE 





A = Plastic Leaded Chip Carrier 


APPLICATIONS 
© Interface protocols 


e Sequence detectors 


® Peripheral controllers 

© Timing generators 

© Sequential circuits 

® Security locking systems 
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FUNCTIONAL DIAGRAM 


NAME AND FUNCTION POLARITY 


Clock: The Clock input to the State and Output Registers. A Low-to-High transition on this Active-High 
line is necessary to update the contents of both registers. 


Logic Inputs: The 13 external inputs to the AND array used to program jump conditions Active-High/Low 
between machine states, as determined by a given logic sequence. 


Logic/Diagnostic Input: A 14th external logic input to the AND array, as above, when Active-High/Low 
exercised with standard TTL levels. When lo is held at + 10V, device outputs Fo_4 and 

Po_1 reflect the contents of State Register bits Po _7 (see Diagnostic Output Mode dia- 

gram). The contents of flip-flops Po_ ; and Fg _ 3 remain unaltered. 


Logic/Diagnostic Outputs: Four device outputs which normally reflect the contents of Active-High 
Output Register bits Qo. 3, when enabled. When lI is held at +10V, Fo_3 = (Po-—s). 


Logic/Diagnostic Outputs: Two register bits with shared function as least Significant Active-High 
State Register bits, or most significant Output Register bits. When Ig is held at +10V, 
Po-1=(Pe-7). 


Preset or Output Enable Input: A user programmable function: 


Preset: Provides an Asynchronous Preset to logic “1” of all State and Output Register Active-High (H) 
bits. Preset overrides Clock, and when held High, clocking is inhibited and Pp_ 7 and Fo..3 

are High. Normal clocking resumes with the first full clock pulse following a High-to-Low 

clock transition, after Preset goes Low. 


¢ Output Enable: Provides an Output Enable function to all output buffers. Active-Low (L) 
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LOGIC DIAGRAM 


So N 
ac fc wf & WT 


A--A--A--A--A- -4 


fea cules c 


(OPTION) 


i 
a 
13 
13 
Lt 3 
| 
Th 


ae 


eee ERLE | = 
Deere fume piss broceceebenqpocnef cof strep onced vend voc porfivee] cemecinod an fvipd sound opp rord epee fecsummoedppol mrefotepeene fests posed frprsonenh evs ci aiverdpecproiedbonnc an Sesnsiver-doaed ceed sip tied sorbed ced 


L bled te Pap etotepcd sete play ole 
he epee todeete fob od asada: pedo] : 
went nf done oe 


AOR | 


H 
1 
LH 
a 
a 
a 
| 
i 
Hi 
yl 
A 
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| 
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y 
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r 
a 
ul 
C 
; 
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C 
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E 
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: 
ee 
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FH 
Seana 
PEELE 


mH 


HiMABniiinisnnt 
AA 


Po Titipitt thr 
OU) 
[1 


CT ARE EES PRE EEEEPOPELEEP EE TER EERE EEEPET 31 


a 
L] 








EEE 
yy 


PEE RE er Ph ee PieR EEE ERE EER PER ETE ETS PEEEEEET 3 
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47° % 88% 4g 39% 22% 2 8 oan 31922282 804 O9e 8 8 FO e1g Eee eeeeg 7Feereseg 


Ess dsiedoacnd ain diathanBccad 
TTT 


eT] 


rs 


$e EE EP 


Py 
P2 
P3 
P4 
Ps 
Ps 
» Programmable connection. 


2. All OR gate inputs with a blown fuse float to logic “0”. 


1. All AND gate inputs with a blown link float to a logic “1”. 
3. 


NOTES: 
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TRUTH TABLE 1: 2:3, 4, 5,6 LOGIC FUNCTION 


OPTION Typical State Transition: 


< 
9 
fo] 
n 


Q@2 a1 QO 


(sn) SunSENTEIATE 


STATE REGISTER -RB-Ce... 


+ 
a 
< 


SET Qo: Sg = (2° Q4° Uy) ‘ABC... 
Ro =0 


RESET Q1:S1 =0 
Ry=(02°Q4°Up) ABC... 


HOLD Qa: Sp = 0 
R2=0 





xlo 39 3 lk KKK OK x 


X 
X 
X 
X 
X 
X 
L 
L 
H 
H 
xX 


| | " [3 


| 





NOTES: VIRGIN STATE 


1. See aa To+... Tay The factory shipped virgin device contains all 


Tn =C(loly Io...) (PoP; P3) fusible links intact, such that: 

n= eee eae : . 

2. Either Preset (Active-High) or Output Enable (Active-Low) are available, but not both. 1. PR/OE option is setto PR. Thus, alloutputs 
The desired function is a user-programmable option. will be at “1”, as preset by initial power-up 

3. T denotes transition from Low-to-High level. procedure. : 

4. R=S = Highis an illegal input condition. 2. All transition terms are disabled (0). 

§. *=HorLor +10V. 3. All S/R flip-flop inputs are disabled (0). 

6. X = Don't Care (<5.5V) 4. The device can be clocked via a Test 

Array pre-programmed with a standard 
ORDERING INFORMATION et Peter 


NOTE: The Test Array pattern MUST be 
deleted before incorporating a user 
program. This is accomplished 
automatically by any Signetics qualified 
programming equipment. 






DESCRIPTION ORDER CODE 
24-Pin Plastic DIP (300mil-wide) PLS167N, PLS167AN 
28-Pin Plastic Leaded Chip Carrier PLS167A, PLS167AA 


ABSOLUTE MAXIMUM RATINGS! THERMAL RATINGS 


; RATINGS TEMPERATURE 


Allowable thermal rise 75°C 
ambient to junction 

















Inputvoltage 


Output voltage 


Output currents 


Operating temperature range 





Storage temperature range 


NOTES: 

1. Stresses above those listed may cause malfunction or permanent damage to the device. This: 
is a stress rating only. Functional operation at these.or any other condition above those 
indicated in the operational and programming specification of the device is not implied. 
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DC ELECTRICAL CHARACTERISTICS 
0°C $ Tamb $ +75°C, 4.75V S Veg $ 5.25V 


LIMITS 
SYMBOL PARAMETER TEST CONDITION | min | Typ? | MAX | UNIT 


Input voltage? 


Vin i Voc = MAX Vv 
Vir Voc = MIN Vv 
Vic 3 Vec = MIN, tin =-12mA ~-0.8 Vv 
Output voltage? 
Voc = MIN 

Vou High* low =-2mA V 

Vot Low5 lo. = 9.6mA 0.35 Vv 

hin ; High Vin = 5.5V <1 80 pA 
he Low Vin = 0.45V —10 ~100 HA 
fi Low (CK input) Vin = 0.45V -50 ~250 LA 
Output current 

Vout = 0.45V 

Short circuit: 7 Vout = OV 
All voltage values are with respect to network ground terminal. 
Duration of short circuit should not exceed 1 second. 


Test one ata time. 
Icc is measured with the PR/OE input grounded, all other inputs at 4.5V and the outputs open. 











































Voc = MAX 
Vout = 5.5V 





lo(orr) Hi-Z state5. 6 


















Capacitance® 
Cin pF 
Court pF 
Measured with Vj_ applied to OE and a logic high stored, or with Vi applied to PR. . 4 

Measured with a programmed logic condition for which the output is at a low logic level, and V, applied to PR/OE Output sink current is 


NOTES: 
All typical values are at Voc = 5V, Tan = +25°C. 
supplied through a resistor to Vcc. 

Measured with Vjy applied to PR/OE. 


APRoOno 


PND 
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he ELECTRICAL CHARACTERISTICS 
= 470, Ro = 1kQ, C, = 30pF, 0°C < Tam < +75°C, 4.75°CV < Veg < 5.25V 


fT 
SYMBOL PARAMETER | ee UNIT 
FE Dw Pv 
a 







Pulse width? 


toKH Clock? High CK+ CK- 

toKL Clock Low CK—- CK + S ic 
toxp Clock Period CK+ CK + 40 30 
tory Preset pulse PR+ PR- 25 15 


Setup time? 






















Input 
Input 
Input 
Input (through Complement Array) 
Input (through Complement Array) 
Input (through Complement Array) 
Power-on preset 

Preset 










Hold time 








pt | tnt ck tops Tos [tof fo fe Ts 
Propagation delay 
tcko Clock Output + 15 30 15 20 


toe Output enable* Output — 20 30 20 30 
top Output disable* Output + 20 30 20 30 
tpR Preset Output + 18 30 18 30 
tppa Power-on preset Output + 0 10 0 10 


Frequency of operation? 


fuaxC Without Complement Array 13.9 20.0 MHz 
faaxC With Complement Array 9.8 12.5 MHz 
aha 
All typical values are at Voc = 5V, Tamb = +25°C. 








2 To prevent spurious clocking, clock rise time (10% — 90%) < 30ns. 

3. See “Speed vs. OR Loading” diagrams. 

4. For 3-State output; output enable times are tested with C, = 30pF to the 1.5V level, and S, is open for high-impedance to High tests and 
closed for high-impedance to Low tests. Output disable times are tested with C, = SpF. High-to-High impedance tests are made to an output 
voltage of V7 = (Voy — 0.5V) with S; open, and Low-to-High impedance tests are made to the V7 = (Vo, + 0.5V) level with S, closed. 

TEST LOAD CIRCUIT VOLTAGE WAVEFORMS 


wv — 


10% 
a | 5n 
MEASUREMENTS: 


All circuit delays are measured at the +1.5V level of 
inputs and outputs, unless otherwise specified, 


OUTPUTS 


NOTE: 
Cj and C2 are to bypass Voc to GND. Input Pulses 
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TIMING DIAGRAMS TIMING DEFINITIONS 


SYMBOL PARAMETER 


tcKH Width of input clock pulse. 
teKL : 
tcKo 

tsRE 

tsrD 

tpR 

tppR 

tpRH 













Interval between clock pulses 


Minimum guaranteed clock 
period. 







Required delay between 
beginning of valid input and 
positive transition of clock. 








Required delay between 
beginning of valid input and 
positive transition of clock, 
when using optional 
Complement Array (two 
passes necessary through the 
AND array). 


Required delay between Vcc 
(after power-on) and negative 
transition of clock preceding 

first reliable clock pulse. 





















Required delay between 
negative transition of 
asynchronous Preset and 
negative transition of clock 
preceding first reliable clock 
pulse. 












Required delay between 
positive transition of clock and 
end of valid input data. 











Delay between positive 
transition of clock and when 
outputs become valid (with 

PR/OE Low). 


Delay between beginning of 
Output Enable Low and when 
outputs become valid. 


















Delay between beginning of 
Output Enable High and 
when outputs are in the 
OFF-State. 


Delay between input lo 
transition to Diagnostic mode 
and when the outputs reflect 
the contents of the State 

Register. 


Asynchronous Preset 











Vec 







Delay between input lo 
transition to Logic mode and 
when the outputs reflect the 
contents of the Output 

Register. 






Fo_a/Po-1 












Delay between positive — 
transition of Preset and when 
outputs become valid at “1”. 






‘cK 


4s tH 





Delay between Vcc (after 
power-on) and when outputs 
become preset at “1”. 


| tern | Width of preset input pulse. 


Minimum guaranteed 
Operating frequency. 










Power-On Preset 
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TIMING DIAGRAMS (Continued) 


OUTPUT 


CLK / Fi 1.5V 
INTERNAL 
STATE REG.’ 
tcKo 


Diagnostic Output Mode 


SPEED VS. “OR” LOADING 


The maximum frequency at which the PLS 
can be clocked while operating in sequential 
mode is given by: 


(1/fMax) = toy = tis + toxo 


This frequency depends on the number of 
transition terms T, used. Having all 48 terms 
connected in the AND array does not appre- 
ciably impact performance; but the number 
of terms connected to each OR line affects 
tis, due to capacitive loading. The effect of 
this loading can be seen in Figure 1, showing 
the variation of tis; with the number of terms 
connected per OR. 


The PLS167 AC electrical characteristics 
contain. three limits for the parameters tis; 
and tiga (refer to Figure 1). The first, tisia is 
guaranteed for a device with 48 terms con- 
nected to any OR line. tisig is guaranteed for 


adevice with 32 terms connected to any OR- 


line. And tigi¢ is guranteed for a device with 
24 terms conntected to any OR line. 


The three other entries in the AC table, tisoA, 
B, and C are corresponding 48, 32, and 24 
term limits when using the on-chip Comple- 
ment Array. 


The PLS167A AC electrical characteristics 
contain two limits for the parameters tig; and 
tisa (refer to Figure 2). The first, tig1a is guar- 
anteed for a device with 24 terms connected 
to any OR line. ti31g is guaranteed for a de- 
vice with 16 terms connected to any OR line. 
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TERMS CONNECTED/OR 


Figure 1. PLS167 tis; vs. 
Terms/OR Connected 





TERMS CONNECTED/OR 


Figure 2, PLS167A tis; vs. 
Terms/OR Connected 
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The two other entries in the AC table, tiso A 
and B are corresponding 24 and 16 term lim- 
its when using the on-chip Complement 
Array. 


The worst case Of tis for a given application 
can be determined by identifying the OR line 
with the maximum number of T, connections. 
This can be done by referring to the intercon- 
nect pattern in the PLS logic diagram, typical- 
ly illustrated in Figure 3, or by counting the 
maximum number of “H” or"L" entries in one 
of the columns of the device Program Table. 


This number plotted on the curve in Figure 1 
or 2 will yield the worst case tig and, by impli- 
cation, the maximum clocking frequency for 
reliable operation. 


Note that for maximum speed all UNUSED 
transition terms should be disconnected from 
the OR array. : 


TRANSITION TERMS T, 


(3) 
NOT 
USED 


Figure 3. Typical OR Array 
Interconnect Pattern 
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Programmable logic sequencers (14 x 48 x 6) PLS167/A 
LOGIC PROGRAMMING Alt packages allow Boolean and state (PTP module). AMAZE is available free of 
The PLS167/A is fully supported by industry equation entry formats. ABEL and CUPL also —_charge to qualified users. 
standard (JEDEC compatible) PLD CAD areoPh as input sctomate capture torial: To implement the desired logic functions, the 
tools, including Signetics' AMAZE design PLS167/A logic designs can also be state of each logic variable from logic 
software package. ABEL™, CUPL™ and generated using the program table entry equations (I, B, O, P, etc.) is assigned a 
PALASMG@ 90 design software packages also format detailed on the following pages. This | symbol. The symbols for TRUE, 
support the PLS167/A architecture. program table entry format is supported by COMPLEMENT, INACTIVE, PRESET, etc., 


the Signetics AMAZE PLD design software are defined below. 


PRESET/OE OPTION - (P/E) 


PRICE 
P -cocED 5, P=0 
(PRESET 
le (ALWAYS DISABLED) 


ENABLED) = 


tL 





PROGRAMMING: 

The PS167/A has a power-up preset feature. This feature insures that the device will power-up 
in a known state with all register elements (State and Output Register) at logic High (H). When 
programming the device it is important to realize this is the initial state of the device. You must 
provide a next state jump if you do not wish to use all Highs (H) as the present state. 


“AND” ARRAY - (1), (P) 


ip 
IP 
Tp 
: Th 


[stare cove] 
[wacnves? | 0 | 


“OR” ARRAY — (N), (F) 


“+-J > Q 


[—netion [600] 
active’? {| .o | 


€ 
c 
Ta 


wactve®4 | o | GENERATE 


NOTES: 

1. This is the initial unprogrammed state of all links. 

2. Any gate T, will be unconditionally inhibited if both the true and complement of any input (I, P) are left intact. 

3. To prevent simultaneous Set and Reset flip-flop commands, this state is not allowed for N and F link pairs coupled to active gates T, (see 
flip-flop truth tables). 

4. To prevent oscillations, this state is not allowed for C link pairs coupled to active gates T,. 





ABEL Is a trademark of Data VO Com. 
CUPL is a trademark of Logical Devices, Inc. 
PALASM is a registered trademark of AMD Corp. 
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PROGRAM TABLE 





PROGRAM TABLE ENTRIES 


CUSTOMER NAME 





INACTIVE 


PURCHASE ORDER # 


GENERATE 
PROPAGATE 








SIGNETICS DEVICE # CF (XXXX) 


CUSTOMER SYMBOLIZED PART # 
TOTAL NUMBER OF PARTS 


PROGRAM TABLE 





TRANSPARENT: 


INACTIVE 











Se ee ee ee ee eee ei Sea 


OUTPUT o 
ae 
| 
| 
Yd 
|_| 
| 
= 
Yd 
| 
| 
|] 
= 
| 
= 
|_| 
| 





TTT TTT TTT TTT TTT TET TT 
A CST TT Ee SSD e pres 


SCOCCCCCEE eee 
LLL 


SCTE ECE EE EEE EEE EE EE EEE LECCE EEE EEE CEE 
CECE eee ESET EET STe eT er Re eer i 
eee Oe er Te El eto bet reas Pelele] sb Te Taree) 


OPTION (P/E) 





NEXT STATE - 
“3 
rae 
= 
| 
= 
= 
| 
= 
a 
ma 
|_| 
| 
| 
| 
| 
|_| 
| 






no 
x 
c 
<q 
= 
w 
c 





DON'T CARE 





PRESENT STATE (Py) 


£ 
Ke 
= 
a 
2 





REV 
DATE 


shown BLANK instead for clarity. 


1. The device is shipped with all links initially intact. Thus, a background of “O” for all Terms, and an “H” for the P/E option, exists in the table, 
2. Unused Cp, Im, and Ps bits are normally programmed Don't Care (-). 


3. Unused Transition Terms can be left blank for future code modification, or programmed as (—) for maximum speed. 


4. Letters in variable fields are used as identifiers by logic type programmers. 


Josue 
3T1aVINVA 


= S| nt n| 
6 

& ry = “ o + 

e 


NOTES: 
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TEST ARRAY 


The PLS may be subjected to AC and DC 
parametric tests prior to programming via an (>) 


on-chip test array. 


The array consists of test transition terms 48 
and 49, factory programmed as shown 
below. 


Testing is accomplished by clocking the PLS 
and applying the proper input sequence to : 


(n- Fr)Fn 


lo.13 as Shown in the test circuit timing 
diagram. 


State Diagram 


; INPUT (Im) PRESENT STATE (Ps) 
3 TTeTsl4}3f2 


1/1 1 
2li1lofo]Tel7]6]5]4]3]2]1] 0 1170) 
JH H[H[HI HTH [HTH HHH HTH RTH THAR AHHH | 


Test Array Program 


sla zume 


Both terms 48 and 49 must be deleted 
during user programming to avoid interfering 
with the desired logic function. This is 
accomplished automatically by any 
Signetic’s qualified programming equipment. 


STATE 
REGISTER 


werner nwnwne2cecece dS 


Test Circuit Timing Diagram 


; INPUT (Im) 
3 oj7f6]5)4}3]2 


9[sj7{s]s5]4|3f2]1 
PHIHTHTHIHTHI ATARI R A A H 
Test Array Deleted 


tjayi 
2; 170 
HURT HTH | 
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ECN No. 













Date of Issue 


DESCRIPTION 

The PLS168 and the PLS168A are 
bipolar, Programmable Logic State 
machines of the Mealy type. They 
contain logic AND/OR gate arrays with 
user programmable connections which 
control the inputs of on-chip State and 
Output Registers. These consist 
respectively of 10 Qp, and 4 Q¢ 
edge-triggered, clocked S/R flip-flops, 
with an Asynchronous Preset Option. 


All flip-flops are unconditionally preset to 
“1” during power turn-on. 


The AND array combines 12 external 
inputs, lo.41, with 10 internal inputs, Poo, 
fed back from the State Register to form 
up to 48 transition terms (AND terms). In 
addition, Po - P3 of the internal State 
Register are brought off-chip to allow 
extending the Output Register to 8 bits, 
ifso desired. 


All transition terms can include True, 
False, or Don’t Care states of the 
controlling variables, and are merged in 
the OR array to issue next-state and 
next-output commands to their 
respective registers on the Low-to-High 
transition of the Clock pulse. 


Both True and Complement transition 
terms can be generated by optional use 
of the internal variable (C) from the 
Complement Array. Also, if desired, the 
Preset input can be converted to 
output-enable function, as an additional 
user programmable option. 


Order codes are listed in the Ordering 
Information Table. 


PLS168/A 


Programmable logic sequencers 
(12 x 48 x 8) 


FEATURES 
@ PLS168 
= fax = 13.9MHz 
— 20MHz clock rate 
@ PLS168A 
= fax = 20MHz 
- 25MHz clock rate 
@ Field-Programmable (Ni-Cr link) 


© 12 True/Complement buffered inputs 


PIN CONFIGURATIONS 
N Package 


© 48 programmable AND gates 

© 29 programmable OR gates 

© 10-bit State Register 

@ 4-bit shared State/Output Register 
© 4-bit Output Register 

© Transition Complement Array 


© Programmable Asynchronous 
Preset/Output Enable 


® Positive edge-triggered clock 


© Power-on preset to logic “1” of all 
registers 


® Automatic logic “HOLD” state via S/R 
flip-flops 

@ On-chip Test Array 

© Power: 600mW (typ.) 

@ TTL compatible 

® 3-State outputs 

© Single +5V supply 


N = Plastic DIP (300mil-wide) 


A Package 
Ig 14 Ig CLK Voc Ig I7 


Fo F3 GND Po Py 
A = Plastic Leaded Chip Carrier 


P2 P3 





APPLICATIONS 

@ Interface protocols 

© Sequence detectors 

@ Peripheral controllers 

® Timing generators 

© Sequential circuits 

© Security locking systems 
© Counters 

© Shift registers 
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FUNCTIONAL DIAGRAM 


Clock: The Clock input to the State and Output Registers. A Low-to-High transition on this Active-High 
line is necessary to update the contents of both registers. 


Logic Inputs: The 11 external inputs to the AND array used to program jump conditions Active-High/Low 
between machine states, as determined by a given logic sequence. 


Logic/Diagnostic Input: A 12th external logic input to the AND array, as above, when Active-High/Low 
exercised with standard TTL levels. When lg is held at +10V, device outputs Fo. F3 and 

Po ~ Pg reflect the contents of State Register bits P4— 9 (see Diagnostic Output Mode 

diagram). The contents of flip-flops Po. ; and Fo_ 3 remain unaltered. 


Logic/Diagnostic Outputs: Four device outputs which normally reflect the contents of Active-High 
State Register bits P93. When Ig is held at +10V these pins reflect (Pg - Pg). 


Logic/Diagnostic Outputs: Two register bits (Fz — F3) which reflect Output register bits Active-High 
(Qz2 — Q3). When lg is held at +10V, these pins reflect (P4 _ Ps). 


Preset or Output Enable Input: A user programmable function: 


Preset: Provides an Asynchronous Preset to logic “1” of all State and Output Register Active-High (H) 
bits. Preset overrides Clock, and when held High, clocking is inhibited and Pg _g and Fg_3 

are High. Normal clocking resumes with the first full clock pulse following a High-to-Low 

clock transition, after Preset goes Low. 


¢ Output Enable: Provides an Output Enable function to all output buffers. Active-Low (L) 


Logic Output: Two device outputs which reflect Output Registers Qg - Q;. When lp is 
haeld at +10V, Fo — F, = Logic “1”. 
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Programmable log 
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LOGIC DIAGRAM 


oc «a a0 «¢ © Wf wT 


fs 


(OPTION) 


c UT Pocmansedcr 


Pe Tea Tee ae eas ied od pee eae 
Pen CCT ee ee aa a 
CTT eC ee eae 
eee TR eer 

eee ee ee os Pee eps Poa 
TT aS eee eee 


Toa 





CCT eT eee eo eee 
TT eee ea ee 
mS 


Te eee Re as Peek Pd ed pe bere ey oa 
ee eee os Pe ie epee ee ee eats debra eed 
ee eS eo eo es ed Pee ede et ee ote 
bet TSS Tt See Se TT pes Deh SSS eed se ea 


aa SW a SS ad ETC et re ee eR eee eer ee 
Po Tee eee eS ee Pr epee ere 
Re Re eal bos Pee] 
Peete er ee ere oredr 
SSSR EES 








Po Te 
Poe on tere Tete ese ep eee ee po 
ET eee ee eee ad 
Tee Te a eel ed 





ES ad 1 0 aS ee 
i - Heft it ttt pd 
i toe et ag 
Ay 

© 


ce 

1 
n 
= 
« 
eT) 
re 
Oo 
3 
° 
2 


PPP PTT Ey 
T ccicihenmedihasdcnsadApesechathedeaah heuaneee Reseed coed beedotei barat saiad-ssndesipnp Aaa haaadk aedaeeteas daeakcsoel 


eee bees Ee EE bE ee RET 


| cerioe condos soda bun pamcer devel wepesdambardanl 
eee Leb i 


Cae 
Ps be 
aos Pee 


2. All programmed “OR’ gate locations are pulled to logic “0”. 
= Programmable connection. 


1. All programmed “AND” gate locations are pulled to logic “1”. 
3. 


NOTES: 
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Programmable logic sequencers (12 x 48 x 8) PLS168/A 
TRUTH TABLE 1: 2,3, 4, 5,6 LOGIC FUNCTION 
OPTION Typical State Transition: 
Veo | PR | OE | sR a2 a1 oo 
H X X (sn) PRESENT STATE 
L X Xx 
L x bs STATE REGISTER KeB+C:... 
H Xx Xx og S NEXT STATE 
vey : . -s fe fo[s| 
L X X 
L L L SET Qo: Sg = (2° Qy°Up)' A°B<C... 
Ro =0 
L L H 
RESET Q4:S1=0 
L H L Ry = (G2*Q,°G)-A-B'C... 
L io a HOLD Qo: S2 =0 
NOTES: 
1. Positive Logic: : 
S/R =To + T1 +Tot+... + 147 VIRGIN STATE a ; ; 
Tr = C(lo ly la...) (Po Pi... Po) The factory shipped virgin device contains all 
2. Either Preset (Active-High) or Output Enable (Active-Low) are available, but not both. fusible links intact, such that: 
The desired function is a user-programmable option. 1. PR/OEoptionis setto PR. Thus, all outputs 
3. T denotes transition from Low-to-High level. will be at “1”, as preset by initial power-up 
4. R=S = Highis an illegal input condition. procedure. 
5. *=Hor L or +10V. 2. All transition terms are disabled (0). 
6. X = Don't Care (<5.5V) 3. All S/R flip-flop inputs are disabled (0). 
4. The device can be clocked via a Test 
ORDERING INFORMATION Array pre-programmed with a standard 


test pattern. 

NOTE: The Test Array pattern MUST be 
deleted before incorporating a user 
program. This is accomplished 
automatically by any Signetics qualified 
programming equipment. 









DESCRIPTION ORDER CODE 
24-Pin Plastic DIP (300mil-wide) PLS168N, PLS168AN 
28-Pin Plastic Leaded Chip Carrier PLS168A, PLS168AA 










ABSOLUTE MAXIMUM RATINGS" THERMAL RATINGS 
TEMPERATURE 


RATINGS 


SYMBOL PARAMETER 
Vec Supply voltage 


Input voltage 





Output voltage 
Input currents 
Output currents 


Operating temperature range 


Storage temperature range 


NOTES: 

1. Stresses above those listed may cause malfunction or permanent damage to the device. This 
is a stress rating only. Functional operation at these or any other condition above those 
indicated in the operational and programming specification of the device is not implied. 
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DC ELECTRICAL CHARACTERISTICS 
O°C < Tamb S$ +75°C, 4.75V $ Vog $5.25V 


SYMBOL PARAMETER TEST CONDITION 


Input voltage? 

Voc = MAX 

Voc = MIN 

Voc = MIN, lin =—12mA 

Output voltage” 

Voc = MIN 

low = -2mA 

lo = 9.6mA 


High Vin = 5.5V 
Low Vin = 0.45V 


Low (CLK input) Vin = 0.45V 
Output current 


lo(orF) Hi-Z state® 


Short circuit? 7 


eo hea ee ee 


Capaclitance® 





1. All typical values are at Voc = 5V, Tanb = +25°C. 

2. All voltage values are with respect to network ground terminal. 

3. Test one ata time. 

4. Measured with Vi. applied to OE and a logic high stored, or with Vij applied to PR. 

5. Measured with a programmed logic condition for which the output is at a low logic level, and V;_ applied to PR/OE Output sink current is 
supplied through a resistor to Voc. 

6. Measured with Vjy applied to PR/OE. 

7. Duration of short circuit should not exceed 1 second. 

8. Icc is measured with the PR/OE input grounded, all other inputs at 4.5V and the outputs open. 
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e ELECTRICAL CHARACTERISTICS 
= 4700, Ro = 1kQ, Cy = S0pF, 0°C < Tamm < +75°C, 4.75°CV < Voc < 5.25V 


PITS 
SYMBOL PARAMETER ge ae UNIT 
Fae ee Da a [a 
ET ae a a eee rea cae ee Neer ae ere 


Pulse width? 

Clock? High 
Clock Low 
Clock Period 
Preset pulse 





















Setup time? 
Input 
Input 
Input 
Input (through Complement Array) 
Input (through Complement Array) 
Input (through Complement Array) 
Power-on preset 

Preset 










Hold time 


tS Ee tp |e ees 


Propagation delay 

























tcxo Clock 15 30 15 20 

toe Output enable* 20 30 20 30 

top Output disable* 20 30 20 30 

tpR Preset 18 30 18 30 

tppa Power-on preset 0 10 0 10 
Frequency of operation? 

fax Without Complement Array 13.9 MHz 
fuaxC With Complement Array 9.8 MHz 

ee 


All typical values are at Vcc = 5V, Tamb = +25°C. 


s To prevent spurious clocking, clock rise time (10% — 90%) < 30ns. 

3. See “Speed vs. OR Loading” diagrams. 

4, For 3-State output; output enable times are tested with C, = 30pF to the 1.5V level, and S, is open for high-impedance to High tests and 
closed for high-impedance to Low tests. Output disable times are tested with C, = 5pF. High-to-High impedance tests are made to an output 
voltage of Vr = (Voy — 0.5V) with S,; open, and Low-to-High impedance tests are made to the V7 = (Vo. + 0.5V) level with S, closed. 

TEST LOAD CIRCUIT VOLTAGE WAVEFORMS 


INPUTS , 


OUTPUTS 


MEASUREMENTS: 
All circuit delays are measured at the +1.5V level of 
inputs and outputs, unless otherwise specitied. 


Input Pulses 


NOTE: 
Cy and C2 are to bypass Voc to GND. 
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TIMING DIAGRAMS 
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1.5V 


oe 


Flip-Flop Outputs 


Asynchronous Preset 


cK 


ts 4H 


Power-On Preset 
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TIMING DEFINITIONS 


SYMBOL PARAMETER 
ton | Width of input clock pulse. 


Interval between clock pulses. 


Minimum guaranteed clock 
period. 


Required delay between 
beginning of valid input and 
positive transition of clock. 


Required delay between 
beginning of valid input and 
positive transition of clock, 
when using optional 
Complement Array (two 
passes necessary through the 
AND array). 


Required delay between Voc 
(after power-on) and negative 
transition of clock preceding 
first reliable clock pulse. 


tcKH 

toe 

tckp 
Required delay between 
negative transition of 

t asynchronous Preset and 

PRS negative transition of clock 
preceding first reliable clock 
pulse. 


Required delay between 
positive transition of clock and 
end of valid input data. 


Delay between positive 
transition of clock and when 
outputs become valid (with 
PR/OE Low). 


Delay between beginning of 
Output Enable Low and when 
outputs become valid. 


Delay between beginning of 
Output Enable High and 
when outputs are in the 
OFF-State. 


Delay between input Ip 
transition to Diagnostic mode 
and when the outputs reflect 
the contents of the State 
Register. 
Delay between input Ip 
transition to Logic mode and 
tsrp when the outputs reflect the 
contents of the Output 
Register. 


Delay between positive 
transition of Preset and when 
outputs become valid at “1”. 


Delay between Vec (after 
power-on) and when outputs 
become preset at “1”. 


tpRH Width of preset input pulse. 


f Minimum guaranteed 
MAX operating frequency. 
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TIMING DIAGRAMS (Continued) 


CLK 


INTERNAL __ 
STATE REG. 


VoH 
1.5V (Fn41) 
VoL 


Diagnostic Mode 


SPEED VS. “OR” LOADING 


The maximum frequency at which the PLS 
can be clocked while operating in sequential 
mode is given by: 


(1/fMax) = toy = tis + texo 


This frequency depends on the number of 
transition terms T, used. Having all 48 terms 
connected in the AND array does not appre- 
ciably impact performance; but the number 
of terms connected to each OR line affects 
tig, due to capacitive loading. The effect of 
this loading can be seen in Figure 1, showing 
the variation of tig; with the number of terms 
connected per OR. 


The PLS168 AC electrical characteristics 
contain three limits for the parameters tig; 
and tigo (refer to Figure 1). The first, tisyq is 


guaranteed for a device with 48 terms con- 
nected to any OR line. tis;g is guaranteed for 
a device with 32 terms connected to any OR 
line. And tisi¢ is guranteed for a device with 
24 terms conntected to any OR line. 


The three other entries in the AC table, tisoA, 
B, and C are corresponding 48, 32, and 24 
term limits when using the on-chip Comple- 
ment Array. 


The PLS168A AC electrical characteristics 
contain two limits for the parameters tis; and 
tise (refer to Figure 2). The first, tigi is guar- 
anteed for a device with 24 terms connected 
to any OR line. tis3g is guaranteed for a de- 
vice with 16 terms connected to any OR line. 


October 11, 1989 





TERMS CONNECTED/OR 


Figure 1. PLS168 ts, vs. 
Terms/OR Connected 


16 24 32 
TERMS CONNECTED/OR 


Figure 2. PLS168A tis; vs. 


Terms/OR Connected 
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The two other entries in the AC table, tigo A 
and B are corresponding 24 and 16 term lim- 
its when using the on-chip Complement 
Array. 


The worst case of tis fora given application 
can be determined by identifying the OR line 
with the maximum number of T, connections. 
This can be done by referring to the intercon- 
nect pattern in the PLS logicdiagram, typical- 
ly illustrated in Figure 3, or by counting the 
maximum number of “H” or “L" entries in one 
of the columns of the device Program Table. 


This number plotted on the curve in Figure 1 
or 2 will yield the worst case tyg and, by impli- 
cation, the maximum clocking frequency for 
reliable operation. 


Note that for maximum speed all UNUSED 
transition terms should be disconnected from 
the OR array. 


TRANSITION TERMS T, 


or (2) 
(3) 

NOT 

USED 


Figure 3. Typical OR Array 
Interconnect Pattern 
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LOGIC PROGRAMMING All packages allow Boolean and state (PTP module). AMAZE is available free of 
The PLS168V/A is fully supported by industry equation entry formats. ABEL andCUPLalso charge to qualified users. 

standard (JEDEC compatible) PLD CAD accept, as input, schematic capture format. To implement the desired logic functions, the 
tools, including Signetics' AMAZE design PLS168/A logic designs can also be state of each logic variable from logic 
software package. ABEL™, CUPL™ and generated using the program table entry equations (I, B, O, P, etc.) is assigned a 
PALASM® 90 design software packages also —_format detailed on the following pages. This symbol. The symbols for TRUE, 

support the PLS168/A architecture. program table entry format is supported by COMPLEMENT, INACTIVE, PRESET, etc., 


the Signetics AMAZE PLD design software are defined below. 
PRESET/OE OPTION — (P/E) 


Ez1 P=0 


(ALWAYS (PRESET 


ENABLED) DISABLED) 





PROGRAMMING: 

The PLS168/A has a power-up preset feature. This feature insures that the device will power-up 
in a known state with all register elements (State and Output Register) at logic High (H). When 
programming the device it is important to realize this is the initial state of the device. You must 
provide a next state jump if you do not wish to use all Highs (H) as the present state. 


“AND” ARRAY — (I), (P) 


Th 


[sare cove 
[powrcane | - 





PROPAGATE TRANSPARENT | - | 


NOTES: 

1. This is the initial unprogrammed state of all links. 

2. Any gate T, will be unconditionally inhibited if both the true and complement of any input (I, P) are left intact. 

3. To prevent simultaneous Set and Reset flip-flop commands, this state is not allowed for N and F link pairs coupled to active gates T, (see 
flip-flop truth tables). : ; 

4. To prevent oscillations, this state is not allowed for C link pairs coupled to active gates T,. 


ABEL bs a trademark of Data VO Com. 
CUPL is a trademark of Logical Devices, Inc. 
PALASM is a registered trademark of AMD Corp. 
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OUTPUT (Fr) 


PLS168/A 





' 
” 
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gE EIS Se Ta IS aa Tle ees 


INACTIVE 
NEXT STATE (Ns) 





CEE POEL EET SDI DET EY | 
CEE ROSE RR RE RRR EMAAR Ae ROE RRR RRR RRR EREe 








REMARKS 


TRANSPARENT’ 





PROPAGATE 
DON'T CARE 





INACTIVE 
GENERATE 
INACTIVE 

uP 





PROGRAM TABLE ENTRIES 





PRESENT STATE alee 









INPUT (im) 





SCCCCEECEEEE CLE EEE eee ee 
Fg EECUCH le ltrs | atta 
ATEVIYV, 


SIGNETICS DEVICE # CF (XXXX) 


CUSTOMER NAME 

PURCHASE ORDER # 
CUSTOMER SYMBOLIZED PART # 
TOTAL NUMBER OF PARTS 
PROGRAM TABLE 


REV 
DATE 
The device is shipped with all links initially intact. Thus, a background of “O" for all Terms, and an “H” for the P/E option, exists in the table, 


"shown BLANK instead for clarity. 
2. Unused Cp, Im, and Ps bits are normally programmed Don't Care (-). 


Programmable logic sequencers (12 x 48 x 8) 


3. Unused Transition Terms can be left blank for future code modification, or programmed as (—) for maximum speed. 
4. Letters in variable fields are used as identifiers by logic type programmers. 


PROGRAM TABLE 


TERM 
NOTES: 
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TEST ARRAY 


The PLS may be subjected to AC and DC 


parametric tests prior to programming via an S. 


on-chip test array. 


The array consists of test transition terms 48 
and 49, factory programmed as shown 
below. 


Testing is accomplished by clocking the 
FPLS and applying the proper input (123) 
sequence to lg.43 as shown in the test circuit wa 
timing diagram. 


State Diagram 


FPLS Under Test 


OPTION (P/E) é 


1 INPUT (Im) PRESENT STATE (Ps) NEXT STATE (Ns) OUTPUT (Fr) 
1 


i 
of 
pH HTH 


271]0 
PH HH 
L 


Test Array Program 


al7feTs|4[3 
PHU HTH TRH 
peqefeqeyefe] 


L 


Both terms 48 and 49 must be deleted 
during user programming to avoid interfering 
with the desired logic function. This is 
accomplished automatically by any 
Signetic’s qualified programming equipment. 


STATE 
REGISTER 


wBVweweernnwraeceene lS 


Test Circuit Timing Diagram 


OPTION (P/E) TH | 


iT INPUT (Im) PRESENT STATE (Ps) NEXT STATE (Ns) OUTPUT (Fr) 

afofoTel7/e,s]4]3/2]11,;0;/9];e]f7fe]s])4]af211]0|] |olsT7 les] 4] afe,ifsols3 | 

PHU HHT RTH TATRA [HTH RHR ATH H HHH R pH] [-[-[-[-]-[-[-[-i-[-[-l1-J-[- | 

p49 fe fe fee ete fgefepefefyefeyefefetefefefetefefetey (-[-[-]-[-[-]-[-(-T-[-1-[-1-] 
Test Array Deleted 
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DESCRIPTION 

The PLS179 is a 3-State output, 
registered logic element combining 
AND/OR gate arrays with clocked J-K 
flip-flops. These J-K flip-flops are 
dynamically convertible to D-type via a 
“foldback” inverting buffer and control 
gate, Fe. It features 8 registered I/O 
outputs (F) in conjunction with 4 
bidirectional I/O lines (B). There are 8 
dedicated inputs. These yield variable 
I/O gate and register configurations via 
control gates (D, L) ranging from 20 
inputs to 12 outputs. 


The AND/OR arrays consist of 32 logic 
AND gates, 13 control AND gates, and 
21 OR gates with fusible link 
connections for programming 1/O 
polarity and direction. All AND gates are 
linked to 8 inputs (1), bidirectional /O 
lines (B), internal flip-flop outputs (Q), 
and the Complement Array output (C). 
The Complement Array consists of a 
NOR gate optionally linked to all AND 
gates for generating and propagating 
complementary AND terms. 


On-chip T/C buffers couple either True 
(|, B, Q) or Complement (I, B, @, TC) 
input polarities to all AND gates, whose 
outputs can be optionally linked to all 
OR gates. Any of the 32 AND gates can 
drive bidirectional I/O lines (B), whose 
output polarity is individually 
programmable through a set of EX-OR 
gates for implementing AND-OR or 
AND-NOR logic functions. Similarly, any 
of the 32 AND gates can drive the J-K 
inputs of all flip-flops. Four AND gates 
have been dedicated for the 
Asynchronous Preset/Reset functions. 


All flip-flops are positive edge-triggered 
and can be used as input, output or I/O 
(for interfacing with a bidirectional data 
bus) in conjunction with load control 


PLS179 


Programmable logic sequencer 
(20 x 45 x 12) | 


gates (L), steering inputs (1), (B), (Q) PIN CONFIGURATIONS 
and programmable output select lines 


(E). 


The PLS179 is field programmable, 
enabling the user to quickly generate 
custom patterns using standard 
programming equipment. 


N Package 


Order codes are listed in the Ordering 
Information Table. 


FEATURES 
© fuax = 18.2MHz 
— 25MHz clock rate 
@ Field-Programmable (Ni-Cr link) 
® 8 dedicated inputs N = Plastic DIP (300mil-wide) 
© 13 control gates 
@ 32 AND gates 
@ 21 OR gates 
@ 45 product terms: 
— 32 logic terms 


A Package 


lo ty Io CLK Voc B3 F7 


— 13 control terms 
@ 4 bidirectional I/O lines 
® 8 bidirectional registers 
e JK, T, or D-type flip-flops 


@ Asynchronous Preset/Reset Bg By GND UE Bp Fo Fy 


A= Plastic Leaded Chip Carrier 





© Complement Array 


© Active-High or -Low outputs 
APPLICATIONS 
@ Random sequential logic 


© Programmable OE contro! 
® Positive edge-triggered clock 


© Power-on reset on flip-flop 
(Fo="1”) 


@ Input loading: — 100,1A (max.) 

© Power dissipation: 75O0mW (typ.) 
© TTL compatible 

© 3-State outputs 


© Shift registers 
© Bidirectional data buffers 
® Timing function generators 


© Priority encoder/registers 
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® Synchronous up/down counters 


© System controllers/synchronizers 
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FUNCTIONAL DIAGRAM 


ROP 





(LOGIC TERMS) 


(CONTROL TERMS) 





Q3 Q2 Q1 Qo 


fs Jo [+] o] (sa) present state 


STATE REGISTER A-B-c:... 


NEXT STATE 


SET Qo: Jp = (Q3° Gy°Qy" Mh) ABC... 
Kg =0 


RESET Q;:J,=0 

Ky =(Qg" Gp °Qy>U) ABC... 
HOLD Qo: J2 =0 

Ko=0 


NOTE: 
Similar logic functions are applicable for D 
and T mode flip-flops. 


. Positive Logic: 


J-K =To+ 


1+Te eae n ence eeneneeene T31 
Tre Orllg <li lon ; 


-) + (Qo. Qy ...) 


» By... 
5 f enotes transition from Low to High level. 


X = Don't care 


. * = Forced at F, pin for loading the J-K 


flip-flop in the Input mode. The load 
control term, L, must be enabled (HIGH) 
and the p-terms that are connected to the 
associated flip-flop must be forced LOW 
(disabled) during Preload. 


. AtP =R=H, Q=H. The final state of Q 


depends on which is released first. 


. ** = Forced at F, pin to load J-K flip-flop 


independent of program code (Diagnostic 
mode), 3-State B outputs. 
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TOGGLE Q3: 33 = (Q3 *T2° Qy *Gp) 'A-B-C... 
Kg =(Qg° G2 °Q,°U) ‘ABC... 





VIRGIN STATE 

The factory shipped virgin device contains all 
fusible links intact, such that: 

1. OE is always enabled. 


2. Preset and Reset are always disabled. 
3. All transition terms are disabled. 
4 


. All flip-flops are in D-mode unless 
otherwise programmed to J-K only or J-K 
or D (controlled). 


5. All 8 pins are inputs and all F pins are 
outputs unless otherwise programmed. 


PLS179 
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cat TT 
Lt 


HES ie > fi =i 


mince in 











a—_—_—_—_———_—_ (LOGIC TERMS-T) —————_—___-‘ &#-_—_—__———___ (CONTROL TERMS) —-——-_--—_—_& 


WWW eWwwnwy 
Rr&& &E 


i, Programmable connection. 


2. All other gates and control inputs with a blown link float to logic "1°. 


1, All OR gate inputs with a blown link float to logic “0”. 
3. @ denotes WIRE-OR. 


LOGIC DIAGRAM 


NOTES: 
4. 
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ORDERING INFORMATION THERMAL RATINGS 


DESCRIPTION ORDER CODE TEMPERATURE 
24-Pin Plastic DIP (300mil-wide) PLS179N | Maximum junction ——|—-150°C 
28-Pin Plastic Leaded Chip Carrier PLS179A 


Allowable thermal rise 75°C 
ambient to junction 




































ABSOLUTE MAXIMUM RATINGS? 


RATINGS 
SYMBOL PARAMETER | MIN | U 


[wax | _untT 
AS 
Vin | trpurvotage ———SSS*d ido | 

Eel 
= 






, 
Pin | trputenents————S~dY Cama 
our] Ouptcurens dit 
[Operating tomperatrorange | _0 

NOTES: 


1. Stresses above those listed may cause malfunction or permanent damage to the device. This 
is a stress rating only. Functional operation at these or any other condition above those 
indicated in the operational and programming specification of the device is not implied. 


DC ELECTRICAL CHARACTERISTICS 
0°C S Tam S$ +75°C, 4.75V S Voc < 5.25V 












LIMITS 
SYMBOL PARAMETER TEST CONDITION | MIN | TYP’ | MAX | UNIT 


Input voltage? 


Vin High Voc = MAX V 
Vir Low Veco = Min Vv 
Vic ; Clamp Voc = MIN, tin = —-12mA -0.8 Vv 


Output voltage? 


Von High Voc = MIN, low = -2mA Vv 
VoL Low5 lo. = 10mA 0.35 V 
li High Voc = MAX, Vin = 5.5V <1 40 pA 
Iie Low Vin = 0.45V -10 ~100 pA 


Output current 


locorr) Hi-Z state4. 7 Voc = MAX, Vout = 5.5V 80 pA 
Vour = 0.45V -140 A 
los Short circuit?: § Vout = OV -70 mA 


Capacitance 


Cin Voc = 5.0V, Vin = 2.0V pF 
Cout Vout = 2.0V pF 

NOTES: 

. All typical values are at Voc = 5V, Tanb = +25°C. 

All voltage values are with respect to network ground terminal. 

Test one ata time. 

Measured with Vy applied to OE. 

Duration of short circuit should not exceed 1 second. 


loc is measured with the OE input grounded, all other inputs at 4.5V and the outputs open. 
Leakage values are a combination of input and output leakage. 







































NOOR ON = 
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= ELECTRICAL CHARACTERISTICS 
= 470, Ro = 1kQ, C, = 30pF, 0°C < Tam < +75°C, 4.75°CV < Veg < 5.25V 


Si BOL PARAMETER TEST LIMITS UNIT 
Clock? High = 20 15 
Clock Low 7 20 15 
Clock period = 40 30 
Preset/Reset pulse ,B)- 7 = 35 30 
tis1 Input ,B)+ = 35 30 
tise Input (through F,,) = 15 10 
tiss Input (through Complement Array)* ,B)+ = 55 45 


ty Input (I, B) + CK + Cy = 30pF 0 -5 ns 
Propagation delay 

Clock 

Output enable? 

Output disable? 

Output 

Output enable? 

Output disable? 

Preset/Reset 

Power-on preset 





NOTES: 

1. All typical values are at Voc = 5V, Tamb = +25°C. 

2. To prevent spurious clocking, clock rise time (10% — 90%) < 10ns. 

3. For 3-State output; output enable times are tested with C, = 30pF to the 1.5V level, and S, is open for high-impedance to High tests and 
closed for high-impedance to Low tests. Output disable times are tested with C, = SpF. High-to-High impedance tests are made to an output 
voltage of Vz = (Voy — 0.5V) with S; open, and Low-to-High impedance tests are made to the V7 = (Vo, + 0.5V) level with S; closed. 

4. When using the Complement Array tcxp = 75ns (min). 

5. Limits are guaranteed with 12 product terms maximum connected to each sum term line. 


VOLTAGE WAVEFORMS TEST LOAD CIRCUIT 


vo 


10% 
pele ale 
MEASUREMENTS: 


All circuit delays are measured at the +1.5V level 
of inputs and outputs, unless otherwise specified. 


OUTPUTS 


NOTE: 
Cy and Co are to bypass Voc to GND. 


Input Pulses 
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TIMING DIAGRAMS TIMING DEFINITIONS 


SYMBOL PARAMETER 
1B 
(INPUTS) : ; | town | Width of input clock pulse. 
. . tox | Interval between clock pulses. 


tcKH i 
toKL 
Minimum guaranteed Clock 
[eminem | 


F 
(OUTPUTS) Required delay between 
beginning of valid input and 
positive transition of clock. 


1.5V : Required delay between 
beginning of valid input forced 
ha at flip-flop output pins, and 
positive transition of clock. 


Flip-Flop Outputs Required delay between 
positive transition of clock and 
end of valid input data. 


Required delay between 
positive transition of clock and 
end of valid input data forced 
at flip-flop output pins. 


LB 
(INPUTS) 


Delay between positive 
transition of clock and when 
outputs become valid (with 
OE Low). 


B 
(OUTPUTS) 


1B Delay between beginning of 
(OUTPUT . Output Enable Low and when 
ENABLE) outputs become valid. 


Gate Outputs Delay between beginning of 
Output Enable High and 
when outputs are in the 
OFF-State. 


Delay between Vcc (after 

power-on) and when flip-flop 

j outputs become preset at “1” 
ce (internal Q outputs at “O”). 

Propagation delay between 

F combinational inputs and 

(OUTPUTS) outputs. 

Delay between predefined 

Output Enable High, and 

LB when combinational Outputs 

(INPUTS) ‘ become valid. 


Delay between predefined 
Output Enable Low and when 
combinational Outputs are in 
the OFF-State. 


tcKH Delay between positive 

toxp transition of predefined 
Preset/Reset input, and when 
Power-On Reset "| flip-flop outputs become valid. 
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TIMING DIAGRAMS (Continued) 


LB 
(INPUTS) 


PRESET/RESET 
(I, BINPUTS) 


(PRESET) 
‘a (RESET) 


<= ‘pro 
fo ae 
1.5V 


F 
(OUTPUTS) (PRESET) 


ct eee eerie 


* Preset and Reset functions override Clock. However, F outputs may glitch with the first positive Clock Edge if tisy 
Cannot be guaranteed by the user. 


Asynchronous Preset/Reset 


F 
(INPUTS) 


— ov 


WOO 


Flip-Flop Input Mode 
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LOGIC PROGRAMMING PLS179 logic designs can also be generated To implement the desired logic functions, the 
The PLS179 is fully supported by industry using the program table entry format detailed _ state of each logic variable from logic 
standard (JEDEC compatible) PLD CAD on the following pages. This program table equations (I, B, O, P, etc.) is assigned a 
tools, including Signetics’ AMAZE, Data I/O entry format is supported by the Signetics symbol. The symbols for TRUE, 
Corporation's ABEL™, and Logical Devices AMAZE PLD design software (PTP module). COMPLEMENT, INACTIVE, PRESET, etc., 
Inc.'s CUPL™ design software packages. AMAZE is available free of charge to qualified are defined below. 

users. 


All packages allow Boolean and state 
equation entry formats. ABEL and CUPL also 
accept, as input, schematic capture format. 


“AND” ARRAY - (I), (B), (Qp) 


(7, Fo, LP, R, Dip (7, Fe, LP, R, Dp 


[sme [cove] | [sme | cove 
[wee + | | [Loowreae [ - 


(Tr Fo) (Tr Fe) 
[rere] oome 
GENERATES =| A 


Tystatus | CODE | TrSTaTus | CODE | 
active (sey? | a | INACTIVE (Reset) | © | 





Notes on following page. 


ABEL is a trademark of Data VO Com. 
CUPL is a trademark of Logical Devices, Inc. 
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“AND” ARRAY — (Qy = J-K Type) 









M = DISABLED J 
O 
> 










TOGGLE 


“OR” ARRAY - (S or B) 






Tn 
PRS 
) > (OR'B) 


Tp STATUS 
ACTIVE? 


“OE” ARRAY - (E) 









oe 






Tn STATUS 
INACTIVE 








DISABLE 





NOTES: 

This is the initial unprogrammed state of all link pairs. It is normally associated with all unused (inactive) AND gates. 
. Any gate (T, Fc, L, P, R, D), will be unconditionally inhibited if any one of the I, B, or Q link pairs are left intact. 

. To prevent oscillations, this state is not allowed for C link pairs coupled to active gates Tp, Fc. 

E, = O and E, = e are logically equivalent states, since both cause F, outputs to be unconditionally enabled. 

. These states are not allowed for control gates (L, P, R, D), due to their lack of “OR” array links. 


ORoOn 


May 11, 1988 297 


Product Specification 


Philips Components—Signetics Programmable Logic Devices 


PLS179 


are zn a 


Program unused Q, B, P, and R bits in the OR array as (-) 


or (A), as applicable. 


ground of entries corresponding to states of virgin links 
3. Unused Terms can be left blank. 


exists in the table, shown BLANK for clarity. 
2. Program unused C, |, B, and Q bits in the AND array as (-). 


1, The device is shipped with all links intact. Thus a back- 
4. Q (P) and Q (N) are respectively the present and next states 


NOTES 
Aad le 
fos te hs 
pale Shee 
[ele el 
ete 
eebee sale 
upd cs. 
adele 
pel lt 
fish scl cy 
PTT 
heel 
esd 
| ttt 
pe Hess esa 
eth hy 
tebe 
sa 
ee 
Baee 
Bees 
el ee 
bees a 
beh 
pet |] 
Hane 
el 
Bees 
A ete 
Ce ea) 
ty 
i St A 
ay 
ty 
Pee ee] 
Feed the dled] 
os 
a 
es as 
ote le 


CONTROL] A 
DISABLE 


CONTROL 


FIF 
MODE 


JK . 
JKoD | A 
(controled) |” 


Pp 
(Q 


| 8] 7] 6] 5] 4] 3] 2] 23} 14] 19] 10] 224 29] 20] 19] 18) 17] 16] 15] 


ee Se Med ye Wey cee naar ea Te is [eps 


SLNAWANOO #3198VL WYYDOHd 
a3Aig0ay Slvd} TSO SLHWed SO HSIN IVLOL 

# LUVd GAZIIOGWAS HSWOLSND |) ss #21 SOLLENDIS 

(XxXx) 49 —§  # XHO BSVHOUN 

SOLLANDIS AG GALS Td WOO AB OLNOLLHOd SIHL| 99S... SWVN HAIWOLSNO 


A 


TIVE 
ACTIVE 


AC 
IN. 


Programmable logic sequencer (20 x 45 x 12) 
R, B(Q) 
=D) 
s 
a 
ie 
| 
aS 
_ 
a 
| 
m 
Eo 
= 
T 
ie 
Ps 
a 
T 
|| 
= 
es 
es 
ee 
es 
Es 
es 
a 
a 
= 
Es 
I 
| 
ra 
a 
Si 
_ 
T 
m 
[| 
a 
fe 
a 
a 
| 
i 


INACTIVE 
DON'T CARE 
GENERATE 
PROPAGATE 
TRANSPARENT. 


PROGRAM TABLE 
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DESCRIPTION 

The new PLC42VA12 CMOS PLD from 
Signetics exhibits a unique combination 
of the two architectural concepts that 
revolutionized the PLD marketplace. 











The Signetics unique Output Macro Cell 


(OMC) embodies all the advantages and > 


none of the disadvantages associated 
with the "V” type Output Macro Cell 
devices. This new design, combined 
with added functionality of two program- 
mable arrays, represents a significant 
advancement in the configurability and 
efficiency of multi-function PLDs. 


The most significant improvement in the 
Output Macro Cell structure is the 
implementation of the register bypass 
function. Any of the 10 J-K/D registers 
can be individually bypassed, thus 
creating a combinatorial I/O path from 
the AND array to the output pin. Unlike 
other “V” type devices, the register in the 
PLC42VA12 Macro Cell remains fully 
functional as a buried register. Both the 
combinatorial I/O and buried register 
have separate input paths (from the 
AND array). In most V-type architec- 
tures, the register is lost as a resource 
when the cell is configured as a 
combinatorial /O. This feature provides 
the capability to operate the buried 
register independently from the 
combinatorial /O. 


The PLC42VA12 is an EPROM-based 
CMOS device. Designs can be 
generated using Signetics AMAZE, 
SNAP and SLICE PLD design software 
packages or one of several other com- 
mercially available JEDEC standard 
PLD design software packages. 


PLC42VAi2 


CMOS programmable 


multi-function PLD 
(42 x 105 x 12) 


FEATURES 

@ High-speed EPROM-based CMOS 
Multi-Function PLD 
— Super set of 22V10, 32VX10 and 

20RA10 PAL® ICs 

© Two fully programmable arrays 
eliminate “P-term Depletion” 
~ Up to 64 P-terms per OR function 


© |mproved Output Macro Cell Structure 


~ Individually programmable as: 
* Registered Output with 
feedback 
* Registered Input 
* Combinatorial I/O with Buried 
' Register 
* Dedicated I/O with feedback 
* Dedicated Input (combinatorial) 
— Bypassed Registers are 100% 
functional with separate input and 
feedback paths 
— Individual Output Enable control 
functions 
* From pin or AND array 
@ Eleven clock sources 


© Register Preload and Diagnostic Test 
Mode Features 


® Security fuse 


APPLICATIONS 

© Mealy or Moore State Machines 
~— Synchronous 
— Asynchronous 


® Multiple, independent State Machines 


© 10-bit ripple cascade 

® Sequence recognition 

® Bus Protocol generation 
® Industrial control 

© A/D Scanning 


PAL is a registered trademark of Monolithic Memories, Inc., a wholly owned subsidiary of Advanced Micro Devices, Inc. 
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PIN CONFIGURATIONS 


FA and N Packages 


N » Plastic DIP (300mil-wide) 


FA = Ceramic DIP with Quartz Window (300mil-wide) 


A Package 


Bo By GNDNIC tof Mo My 
OE 


A = Plastic Leaded Chip Carrier (450mil- square) 
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-function PLD 


CMOS programmable multi 


(42 x 105 x 12) 
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ORDERING INFORMATION 










DESCRIPTION 
See ee ee ne 
alle ad ale ee 
Soe ne Propane Se i 
ABSOLUTE MAXIMUM RATINGS! THERMAL RATINGS 


Pin | Wostewnens «dC toto 


NOTE: 

1. Stresses above those listed may cause malfunction or permanent damage to the device. This 
is a stress rating only. Functional operation at these or any other condition above those 
indicated in the operational and programming specification of the device is not implied. 











AC TEST CONDITIONS VOLTAGE WAVEFORMS 


10% 
wWw-—— 
OUTPUTS : | 
5ns 5ns 


MEASUREMENTS: 
NOTE: All circuit delays are measured at the +1.5V level 


Cy and Cp are to bypass Voc to GND. of inputs and outputs, unless otherwise specified. 


Test Load Circuit Input Pulses 
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DC ELECTRICAL CHARACTERISTICS 
0°C < Tamb < +75°C, 4.75V < Veg < 5.25V 


LIMITS 
SYMBOL PARAMETER TEST CONDITION | MIN | TyPt. | MAX | UNIT 


Input voltage? 


ion a ew ee oe 












Output voltage” 


Vo_[ tow [wees Minis temA_—«dP—SCSCid sos Cd 








Input current 


ii I a fis OND el 
pa : eas 










Output current 


High 
‘ Vout = V. 
cr =. 112 
Voc supply current (Active)* lout = OMA, f = 15MHz5, Vog = MAX Peo lly SOs 9] 


Capacitance 
pce impute Vi=2ov P| 
jes VO gent 
NOTES: 
. All typical values are at Voc = 5V. Tab = +25°C. 
Ail voltage values are with respect to network ground terminal. 
Duration of short-circuit should not exceed one second. Test one ata time. 
Tested with Vi_ = 0.45V, Viy = 2.4V. 
Refer to Figure 1, Aloc vs Frequency (worst case). (Referenced from 15MHz) 
The lec increases by 1.5mA per MHz for the frequency range of 16MHz up to 25MHz. 
The loc remains at a worst case of 135mA for the frequency range of 26MHz up to 37MHz. 
The Icc decreases by 1.0mA per MHz for the frequency range of 14MHz down to 1MHz (106mA @ 1MHz). 
The worst case Ic is calculated as follows: 
— Alldedicated inputs are switching. 
~ AIllOMCs are configured as JK flip-flops in the toggle mode. . .all are toggling. 
— All 12 outputs are disabled. 
— The number of product terms connected does not impact the Icc. 
~ Icc levels are identical for both TTL and CMOS input levels. 
6. Refer to Figure 2 for Atpp vs output capacitance loading. 








MRO 


taal el 


ia 


40 60 80 100 120 140 160 180 200 
OUTPUT CAPACITANCE LOADING (pF) 


Figure 1. Alec vs Frequency 
(Worst Case) (Referenced from 15MHz) 


Figure 2. Atpp vs Output 
Capacitance Loading (Typlcal) 
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AC ELECTRICAL CHARACTERISTICS 
O°C < Tamp < +75°C, 4.75V < Voc < 5.25V; Ry = 238, Ro = 1702 


PLC42VA12 
TEST? 
SYMBOL PARAMETER To CONDITION TYP! 
(CL (pF)) 


Set-up Time 
nput; dedicated clock 
nput; P-term clock (1, B, M) +/— 
Preload; dedicated clock 
Preload; P-term clock 
Cc 


Input through complement array; 

dedicated clock (I, B, M) +/- 

Input through complement array; 

P-term clock (|, B, M) +/— | (1, B, M) +/— 


Propagation Delay 











0 


_ 
a 





N 
oO 


SI 
tisa? 0 


0 


w 
oS 


tigs? 


5 30 


tise? 


= nN 
Oo wo 








0 


nM 


=| @ 
oO |OoO 


Propagation Delay (I, B, M) +/— | (I, B, M) +/- 


Propagation Delay with complement 

array (2 passes) (1, B,) +/- (t, B, M) +/- 
tcxo1 Clock to Output; Dedicated clock 
texo2 Clock to output; P-term clock (I, B, M) +/— 


Registered operating period; 
Dedicated clock (tis, + texo1) (1, B, M) +/- (M) +/- 
Registered operating period; , 
P-term clock (tis2 + tcxo2) (I, B, M) 4/- (M) +/- 
Register preload operating period; 
Dedicated clock (tis3 + texo1) (Mtl Nags 
: Register preload operating period; 
3 z = 
P-term clock (tiga + texo2) Mat (M) + 
Registered operating period with comple- 
ment array; dedicated clock (tiss + tcxo1) (1, B, M) + (M) +/- 
Registered operating period with 
tape? complement array; P-term clock (1, B, M) +/- (M) +/- 
(tise + tcxo2) 


toE1 Output Enable; from /OE pin* 
toE2 Output Enable; from P-term4 (Il, B, M)+/- | (B, M) +/— 


0 


5 


@ 


0 





50 29 







w 
= 
3 
7) 


50 


— 
NI 


nr 


0 


oa 
NI 


= hm m |hM ~w > mila @ 
a or o;]n N N NIN an 


- 
a 
vu 
> 


5 
5 
5 
5 
5 
5 
a) 
5 


0 


. 2 Output 
top: Output Disable; from /OE pin* disabled 
top2 Output Disable; from P-term* (I, B, M) +/— ne 


ieee 


on 


35 
0 


Hold Time 


K+ 
K+ 
K+ 
toKH1 Clock High; Dedicated clock 5 
teks Clock Low; Dedicated clock 
Ok- 
Ks 


or 
— 
a 


~7.5 


a 
ao 


I ye) 
NEN PN YO . N 
wn 


0 
0 
0 
50 
0 
0 


_ 
oO 


toxHe Clock High; P-term clock | CK | 
toxL2 Clock Low; P-term clock 
tery? Width of preset/reset input pulse (I,B,M)+/ | (1, B,M)4+- 


Notes on page 306. 
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AC ELECTRICAL CHARACTERISTICS (Continued) 
0°C < Tamp < +75°C, 4.75V < Veg < 5.25V; R; = 2382, Rp = 1702 


| PLC42VA12— 
TEST? 
SYMBOL PARAMETER TO CONDITION TYP! UNIT 
(C, (PF) 


Frequency of Operation 


[tas [Onsen Pe Tee ee ee 
SiS nee = eee en ee 


ee operating frequency; 

Dedicated clock (tis + texo1) (1, B, M) +/— (M) +/- 
Registered operating frequency; 

Regaoredoperainateerey’ Tua mae| ana | so | aia 
Register preload operating 

fuaxa? frequency; Dedicated clock (M) +/— (M) +/-— 50 37 
(tis + teKo1) 
Register preload operating 

fuaxa? frequency; P-term clock (M) +/- (M) +/— 50 34.5 
(tisa + teKoa) 

fal 









Registered operating frequency 
with complement array; (1, B, M) +/— (M) 4+/— 
Dedicated clock (tiss + toxo) 
Registered operating frequency 
fuaxe? with complement array; (!, B, M) +/— (M) +/- 
P-term clock (tise + tcxo2) 


NOTES: 


1. All typical values are at Voc = 5V, Tam = +25°C. These limits are not tested/guaranteed. 

2. Refer also to AC Test Conditions (Test Load Circuit). 

3. These limits are not tested, but are characterized periodically and are guaranteed by design. 

4. For 3-State output; output enable times are tested with C, = 50pF to the 1.5V level, and S; is open for high-impedance to High tests and 
closed for high-impedance to Low tests. Output disable times are tested with C, = 5pF. High-to-High impedance tests are made to an output 
voltage of V7 = (Voy — 0.5V) with S; open, and Low-to-High impedance tests are made to the Vz = (Vo + 0.5V) level with S, closed. 





BLOCK DIAGRAM 


65 X 105 ra AND ARRAY 


64 LOGIC TERMS 41 CONTROL TERMS 


oe 


COMPLEMENT 


64 X 32 
PROGRAMMABLE 
OR ARRAY 
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OUTPUT MACRO CELL (OMC) 


Fo CONTROL 


FROM OR ARRAY 


TO AND ARRAY 


FROM AND ARRAY 


LOAD PRESET RESET 


FROM OR ARRAY ~ po (REGISTER BYPASS) 


O 
TO AND ARRAY < | 


Output Macro Cell Configuration 
Signetics unique Output Macro Cell design 
represents a significant advancement in the 
configurability of multi-function Programmable 
Logic Devices. 


The PLC42VA12 has 10 programmable Out- 
put Macro Cells. Each can be individually 
programmed in any of 5 basic configurations: 
© Dedicated I/O (combinatorial) with feed- 
back to AND array 


® Dedicated Input 


© Combinatorial 1/O with feedback and 
Buried Register with feedback (register 
bypass) 


© Registered Input 
© Registered Output with feedback 


Each of the registered options can be further 
customized as J-K type or D-type, with either 
an internally derived clock (from the AND 
array) or clocked from an external source. 
With these additional programmable options, 
itis possible to program each Output Macro 
Cell in any one of 14 different configurations. 


March 26, 1990 





These 14 configurations, combined with the 
fully programmable OR array, make the 
PLC42VA12 the most versatile and silicon 
efficient of all the Output Macro Cell-type 
PLDs. 


The most significant Output Macro Cell 
(OMC) feature is the implementation of the 
register bypass function. Any of the 10 J-K/D 
registers can be individually bypassed, thus 
creating a combinatorial !/O path from the 
AND array to the output pin. Unlike other 
Output Macro Cell-type devices, the register 
in the OMC is fully functional as a buried 
register. Furthermore, both the combinatorial 
I/O and the buried register have separate 
input paths (from the AND array) and 
separate feedback paths (to the AND array). 
This feature provides the capability to operate 
the buried register independently from the 
combinatorial I/O. 


The PLC42VA12 is ideally suited for both 
synchronous and asynchronous logic 
functions. Eleven clock sources — 10 driven 
from the AND array and one from an external 
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PLC42VA12 


cLock® 
SELECT 
MUX 

e 


ourpuT ouput este] 
otra este MUX 


source — make it possible to design synchro- 
nous state machine functions, event-driven 
state machine functions and combinatorial 
(asynchronous) functions all on the same 
chip. 


Sophisticated control functions support 
individual OE control and Reset functions 
from the AND array. OE control is also 
available from the l9/OE pin. Register Preset 
and Load functions are controlled from the 
AND array, in 2 banks of 4 for OMCs M, — 
Mg. Output Macro Cells Mg and Mg have 
individual Preset and Load Control terms. 


Output Polarity for the combinatorial I/O 
paths is configurable via 12 programmable 
EX-OR gates. The output of each register 
can be configured as inverting (active Low) or 
non-inverting (active High) via manipulation of 
the logic equations. 


The output of each buried register can also 
be configured as inverting or non-inverting via 
the input buffer which feeds back to the AND 
array. 
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OUTPUT MACRO CELL PROGRAMMABLE OPTIONS 


OUTPUT MACRO CELL 


REGISTER CLOCK OPTIONS 
ay fecesiconia | 


OPTIONS 


OMC OUTPUT ENABLE 
CONFIGURATION CONTROL 


OPTIONS OPTIONS 


ARCHITECTURAL OPTIONS 
REGISTER SELECT OPTIONS 


FROM 
OR ARRAY 


CONFIG. 
OPTIONS 


FROM 
AND ARRAY 


FROM 
OR ARRAY 


FROM 
AND ARRAY 


REGISTER MODE (D or JK) 
JK-TYPE 
Fo CONTROL P-TERM 


Notes on page 313. 
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OMC Programmable Options 

For purposes of programming, the Output 
Macro Cell should be considered to be parti- 
tioned into five separate blocks. As shown in 
the drawing titled “Output Macro Cell 
Programmable Options’, the programmable 
blocks are: Register Select Options, Polarity 
Options, Clock Options, OMC Configuration 
Options and Output Enable Control Options. 


There is one programmable location 
associated with each block except the 
Output Enable Control! block which has two 
programmable fuse locations per OMC. 


The following drawings detail the options 
associated with each programmable block. 
The associated programming codes are also 
included. The table titled “Output Macro Cell 
Configurations” (page 15) lists all the pos- 
sible combinations of the five programmable 
options. 


Register Select Options 

Each OMC Register can be configured 
either as a dedicated D-type or a J-K 
flip-flop. The Flip-Flop Control term, Fe, 
provides the option to control each Register 
dynamically—switching from D-type to J-K 
type, based on the Fe control signal. 


Register Preset and Reset are controlled 
from the AND array. Each OMC has an 
individual Reset Control term (RMn). The 
Register Preset function is controlled in two 
banks of 4 for OMCs M, — M3 and My — Mg 
(via the control terms PA and PB). OMCs Mo 
and Mg have individual control terms (PMo 
and PMg respectively). 
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REGISTER SELECT OPTIONS (Continued) 


CLOCK 
OPTIONS 


OMC OUTPUT 
CONFIG. CONTROL 
OPTIONS OPTIONS 


FROM 


FROM 
AND ARRAY AND ARRAY 


e 
Fo = LOW Fo = HIGH 
POLARITY OPTIONS (for Combinatorial I/O Configurations Only') 
OR ARRAY OMC CONHG. OUTPUT SELECT 
) > OPTIONS OPTIONS MJ 


7 POLARITY | CODE | 
ACTIVE-HIGH (NONINVERTING) 


FROM 
OMC CONFIG. OUTPUT CONTROL 
PR ven aa OPTIONS OPTIONS IM) 


- a 
ACTIVE-LOW (INVERTING) 





CLOCK OPTIONS 


CLK OPTIONS | CODE | 
EXTERNAL CLOCK 
(FROM PIN 1) 


REGISTER SELECT OPTIONS 


(OR J) CK 
FROM 
OR ARRAY 
(K) Qa 
TO 
LS 


OR ARRAY 


OUTPUT 
CONTROL 
OPTIONS 


CONFIG, 
OPTIONS 





[_eixornons | cone | 
[erenwerocx [> _| 


OUTPUT 
CONTROL 


OPTIONS OPTIONS 


TO 
AND ARRAY 


Notes on page 313. 
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DYNAMICALLY CONTROLLABLE 


Fo CONTROL P-TERM 


Polarity Options 

When an OMC is configured as a Combina- 
torial 1/O with Buried Register, the polarity of 
the combinatorial path can be programmed 
as Active-High or Active-Low. A configurable 
EX-OR gate provides polarity control. 


[REGISTER CGE Boron) | COOE | 
Esme 


if an OMC is configured as a Registered 
Output, /Q is propagated to the output pin. 
Note that either Q or /Q can be fedback to 
the AND array by manipulating the feedback 
logic equations. (TRUE or COMPLEMENT). 


Clock Options 

In the unprogrammed state, all Output Macro 
Cell clock sources are connected to the 
External Clock pin (lo/CLK pin 1). Each OMC 
can be individually programmed such that its 
P-term Clock (CKp) is enabled, thus disabling 
it from the External Clock and providing 
event-driven clocking capability. 


This feature supports multiple state machines, 
clocked at several different rates, all on one 
chip, or the ability to collect large amounts of 
random logic, including 10 separately clocked 
flip-flops. 
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OUTPUT MACRO CELL CONFIGURATION OPTIONS 


REGISTER SELECT OPTIONS 


D(ORJ) CK<] 


FROM 
OR ARRAY 





TO 
AND ARRAY 


OMC CONFIGURATION | CODE | 
REGISTERED OUTPUT 
(D or JK) 











OUTPUT 
CONTROL 
OPTIONS 













OMC CONFIGURATION | CODE | 
REGISTERED INPUT | Aor®> | 
LOAD CONTROL P-TERM 
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REGISTER SELECT OPTIONS 


FROM 
OR ARRAY 


CLOCK 
OPTIONS 


OMC 
CONAG. 
OPTIONS 


OMC Configuration Options 

Each ONC can be configured as a Registered 
Output with feedback, a Registered Input or a 
Combinatorial !/O with Buried Register. Dedi- 
cated Input and dedicated '/O configurations 
are also possible. 


When the Combinatorial I/O option is selected, 
(the Register Bypass option), the Buried 
Register remains 100% functional, with its 
own inputs from the AND array and a separate 
feedback path. This unique feature is ideal for 
designing any type of state machine; 
synchronous Mealy-types that require both 
Buried and Output Registers, or asynchronous 
Mealy-types that require buried registers and 
combinatorial output functions. Both synchro- 
nous and asynchronous Moore-type state 
machines can also be easily accommodated 
with the flexible OMC structure. 
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OMC CONFIGURATION 


COMBINATORIAL OUTPUT 
WITH BURIED REGISTER 


Ki D(ORJ) mal 


OUTPUT 
CONTROL 
OPTIONS 


Note that an OMC can be configured as 
either a Combinatorial I/O (with Buried 
Register) or a Registered Output with feed- 
back and it can still be used as a Registered 
Input. By disabling the outputs via any OE 
control function, the M pin can be used as an 
input. When the Load Control P-term is 
asserted HIGH, the register is preloaded from 
the M pin(s). When the Lc P-term is 
Active-Low and the output is enabled, the 
OMC will again function as configured (either 
a combinatorial I/O or a registered output 
with feedback). This feature is suited for 
synchronizing input signals prior to 
commencing a state sequence. 


(D or JK) 
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OUTPUT CONTROL OPTIONS Output Enable Control Options 
: Similar to the Clock Options, the Output 
Enable Control for each OMC can be 
connected either to an external source 
OMC (I9/OE, pin 13) or controlled from the AND 
CONFIG. array (P-terms DM,). Each Output can also 
OPTIONS be permanently enabled. 





Output Enable control for the two bi-directional 
/O (B pins 10 and 11) is from the AND array 
only (P-terms DBO and DB1 respectively). 


Tao 
AND ARRAY 


OMC 
CONFIG. 
OMC OPTIONS 
CONFIG. 
OPTIONS 


TO 
AND ARRAY 


ALWAYSENABLED | A | ALWAYSENABLED | 0 | 


Complement Array Detail 

The complement array is a special sequencer 
feature that is often used for detecting illegal 
states. Itis also ideal for generating IF- 
THEN-ELSE logic statements with a mini- 
LM, @@@ PM, RMp mum number of product terms. 


TO 
AND ARRAY 





The concept is deceptively simple. If you 
subscribe to the theory that the expressions 
(/A*/B* /C) and (A+ 8 + C) are equivalent, 
you will begin to see the value of this single 
term NOR array. . 


The complement array is a single OR gate 
with inputs from the AND array. The output of 
the complement array is inverted and fedback 
to the AND array (NOR function). The output 
of the array will be LOW if any one or more of 
the AND terms connected to it are active 
(HIGH). If, however, all the connected terms 
are inactive (LOW), which is a classic 
unknown state, the output of the complement 
array will be HIGH. 


Consider the product terms A, B and D that 
represent defined states. They are also 
connected to the input of the complement 
array. When the condition (not A and not B 
and not D) exists, the Complement Array will 
detect this and propagate an Active-High 
signal to the AND array. This signal can be 
connected to product term E, which could be 
TO OR ARRAY TO OMCs AND BIDIRECTIONAL V0 used in turn to preset the state machine to 
known state. Without the complement array, 
one would have to generate product terms for 
all unknown or illegal states. With very com- 
plex state machines, such an approach can 
be prohibitive, both in terms of time and 
wasted resources. 





Notes on page 313. 
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LOGIC PROGRAMMING 

The PLC42VA 12 is fully supported by 
industry standard (JEDEC compatible) PLD 
CAD tools, including Signetics AMAZE, 
SLICE and SNAP design software packages. 
ABEL™ and CUPL™ design software 
packages also support the PLC42VA12 
architecture, 


All packages allow Boolean and state 
equation entry formats. SNAP, ABEL and 


LOGIC IMPLEMENTATION 
“AND” ARRAY - (1), (B), (Qp) 


(T Fo, L P, R, Dy 


STATE CODE 
inactive! | oO | 


“COMPLEMENT” ARRAY - (C) 





T, 


n 
— 
M = DISABLED 7 

| Oe 


Tn STATUS 
Active! 


Notes on page 313. 


ABEL is a trademark of Data lO Corp. 
CUPL is a trademark of Logical Devices, Inc. 
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Tp STATUS 


INACTIVE 


CUPL also accept, as input, schematic 
capture format. 


PLC42VA12 logic designs can also be 
generated using the program table entry 
format, which is detailed on the following 
pages. This program table entry format is 
supported by AMAZE and SLICE only. Both 
AMAZE and SLICE design packages are 
available, free of charge, to qualified users. 


(T, Fo, UP, R, Din 


STATE CODE 


(Th Fe) 


aed 
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Tp STATUS 


To implement the desired logic functions, 

the state of each logic variable from logic 
equations (I, B, O, P, etc.) is assigned a sym- 
bol. The symbols for TRUE, COMPLEMENT, 
INACTIVE, PRESET, etc., are defined below. 
Symbols for OMC configuration have been 
previously defined in the Architectural 
Options section. 


80 on [ 


(T, Fo, L, P, R, Dn 


STATE 
DON'T CARE 


(Tr Fe) 


ACTION CODE 
PROPAGATE Sel 


Tn STATUS 
INACTIVE (RESET) 
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LOGIC IMPLEMENTATION (Continued) 
OUTPUT MACRO CELL CONFIGURATIONS 

















PROGRAMMING CODES 


OUTPUT MACRO CELL REGISTER SELECT OMC CONFIGURATION POLARITY CLOCK 
CONFIGURATION FUSE FUSE FUSE FUSE 


Combinatorial /O with Buried D-type register 


External clock source A Hork A 
P-term clock source A HorL e 


Combinatorial I/O with Buried J-K type register 


External clock source HorL A 
P-term clock source HorL ° 


Registered Output (D-type) with feedback 


External clock source A A N/A A 
P-term clock source A A N/A e 


Registered Output (J-K type) with feedback 


External clock source A N/A A 
P-term clock source A N/A e 


Registered Input (Clocked Preload) with feedback 
External clock source A Aor e5 Optional5 A 
P-term clock source A Aore5 Optional® ° 


OUTPUT | ~~ OUTPUTCONTROLFUSES FUSES 


OE CONTROL FUSE eae] ae Pon aee SIGNAL 


CC ts ot 
Aoro 
Output Enabled as 
Output Disabled 


NOTES: 

This is the initial (unprogrammed) state of the device. 

- Any gate will be unconditionally inhibited if both the TRUE and COMPLEMENT fuses are left intact. 

To prevent oscillations, this state is not allowed for Complement Array fuse pairs that are coupled to active product terms. 
The OMC Configuration fuse must be programmed as Combinatorial I/O in order to make use of the Polarity Option. 
Regardless of the programmed state of the OMC Configuration fuse, an OMC can be used as a Registered Input. Note that the Load Control 
P-term must be asserted Active-High. 

Output must be disabled. 

Program code definitions: 

Active (unprogrammed fuse) 

Inactive (programmed fuse) 

Don't Care (both TRUE and COMPLEMENT fuses unprogrammed) 

Active-High connection 

Active-Low connection 

8. OE control for Bp and B, (Pins 10 and 11) is from the AND array only. 


























OUTPUT ENABLE CONTROL® 
CONFIGURATION 


ONC controlled by /OE pin 
Output Enabled 
Output Disabled 


OMC controlled by P-term 




















NO mpawonn 


> 
u 


Bae 
tot tt u 
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TIMING DIAGRAMS 


1,B,M 
(INPUTS) 


qH2 


P-TERM CK 
(1, B, M) -15V 1.5V 


M 
(OUTPUTS) 1.5V Vr 


tcKo2 
tRP2,6 
{, B, M, OE TERM OR me 
DOE PIN 1.5V 


ee ene ee ee ee ae ee coe oe 


(OUTPUT ENABLE) 


Flip-Flop Outputs with P-term Clock 


1, B, M 
(INPUTS) 
4s1,5 
EXTERNAL CK ; 1.5V 


ov 
tcKH1 ‘cxu1 


came tae ae oven oon cones Von 


M 
(OUTPUTS) 1.5V VT 


tcKo1 


Vou 


tRP1,5 
|, B, M, OE TERM r= +3V 
OR UE PIN 1.5V 1.5V 
(OUTPUT ENABLE) 


ae re ae ee ee ee oe oe oe Nee et ee mY 


Flip-Flop Outputs with External Clock 


1B 
(INPUTS) 


torr 


B,M 
(COMBINATORIAL 
OUTPUTS) 


\, B, M, OE TERM 
OR OE PIN 
(OUTPUT ENABLE) 





Gated Outputs 
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TIMING DEFINITIONS 


SYMBO PARAMETER + 


Clock Frequency; External Clock 
Clock Frequency; P-term Clock 


Width of Input Clock Pulse; 
'ckH1 | External Clock 

Width of Input Clock Pulse; 
tckH2 | P-term Clock 

Interval between Clock pulses; 
‘ext | External Clock 

Interval between Clock Pulses; 
tckL2_ | P-term Clock 

Delay between the Positive Tran- 
tcxo1 | Sitionof External Clock andwhen 

M Outputs become valid. 


Delay between the Positive Tran- 
texo2 | sition of P-term Clock and when 
M Outputs become valid. 


Delay between beginning of Valid 
Input and when the M outputs be- 
come Valid when using External 


Delay between beginning of Valid 
Input and when the M outputs be- 
come Valid when using P-term 


Delay between beginning of Valid 
Input and when the M outputs be- 
come Valid when using Preload 
Inputs (from Mpins) and External 


Delay between beginning of Valid 
Inputand when the Moutputs be- 
come valid when using Preload 
inputs (from M pins) and P-term 


Delay between beginning of Valid 
Input and when the M outputs be- 
come Valid when using Comple- 
ment Array and External clock. 


Delay between beginning of Valid 
Input and when the Moutputs be- 
come Valid when using Comple- 
ment Array and P-term Clock. 


Minimum guaranteed Operating 
Frequency; Dedicated Clock 


Minimum guaranteed Operating 
Frequency using Preload; 
Dedicated Clock (M pin to M pin) 


Minimum guaranteed Operating 
Frequency using Preload; 
P-term Clock (M pin to M pin} 


Minimum guaranteed Operating 
Frequency using Complement 
Array; Dedicated Clock 


Minimum Operating Frequency 
using Complement Array; P-term 
Clock 


Required delay between positive 
transition of External Clock and 
end of valid input data. 
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TIMING DIAGRAMS (Continued) 


LB 
(LOAD SELECT) 


1, B, OE TERM OR OF PIN 
(OUTPUT ENABLE) 


M 
(INPUT) 


P-TERM OR 
EXTERNAL CK 


Flip-Flop Input Mode (Preload). 


1,B,M 
(INPUTS) 


P-TERM OR 
EXTERNAL CK RS mY 
us t{s—1+'cKo 


PRESET/RESET 
(1, B, MINPUTS) 


(PRESET) 
(RESET) 


tpRO 


(RESET) 
(OUTPUTS) _ '5V X presen At 


*Preset and Reset functions override Clock. However, M outputs may glitch 
with the first positive Clock Edge if tig cannot be guaranteed by the user. 


Asynchronous Preset/Reset 


ov 


Sern Von 


M 
(OUTPUTS) 


1,8, M 
(INPUTS) 


P-TERM OR 
EXTERNAL CK 


Power-On Reset 
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TIMING DEFINITIONS (Continued) 


SYMBO PARAMETER 


Required delay between positive 
tye transition of P-term Clock and 
end of valid input data. 


Required delay between positive 
transition of External Clock and 
end of valid input data when us- 
ing Preload Inputs (from M pins). 


Required delay between positive 
transition of P-term Clock and 
end of valid input data when us- 
ing Preload Inputs (from M pins). 


Required delay between begin- 
ning of valid input and positive 
transition of External Clock. 


Required delay between begin- 
ning of valid input and positive 
transition of P-term Clock input. 


Required delay between begin- 
ning of valid Preload input (from 
M pins) and positive transition of 
External Clock. 


Required delay between begin- 
ning of valid Preload input (from 
M pins) and positive transition of 
P-term Clock input. 


Required delay between begin- 
ning of valid input through Com- 
plement Array and positive tran- 
sition of External Clock. 


Required delay between begin- 
ning of valid input through Com- 
plement Array and positive tran- 
sition of P-term Clock input. 


zr 


Delay between beginning of Out- 
put Enable signal (Low) from /OE 
pin and when Outputs become 
valid. 


Delay between beginning of Out- 
put Enable signal (High or Low) 
from OE P-term and when Out- 
puts become valid. 


Delay between beginning of Out- 
put Enable signal (HIGH) from 
/OE pin and when Outputs be- 
come disabled. 


Delay between beginning of Out- 
put Enable signal (High or Low) 
from OE P-term and when Out- 
puts become disabled. 


Delay between beginning of valid 
tep input and when the Outputs be- 
come valid (Combinatorial Path). 


tery | Width of Preset/Reset Pulse. 


Delay between beginning of valid 
Preset/Reset Input and when the 
registered Outputs become Pre- 
set (“1”) or Reset (“0”). 


Delay between Voc (after pow- 
er-up) and when flip-flops be- 
come Reset to “0”. Note: Signal 
at Output (M pin) will be inverted. 


a 
D 
° 
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LOGIC FUNCTION 


Q3 a2 Qi Qo 


[+[e[+]o] (se) present stare 


STATE REGISTER - A-B-Cc:... 


Te ToT] Ge) varsure 


SET Qo: Jo = (G2 + Q1°U9)°A°B-C... 


Kg =0 
RESET QQ Jy =0 
Ky =(Q3°2°Q;°) ABC... 


HOLD Q9: Jo =0 
Kg=0 


RESET 3: J3 = (03° 02° Qy°Up) AB: 
Kg = (Q3 * G2 + Qy * Go) - 


NOTE: 
Similar logic functions are applicable for D 
mode flip-flops. 


FLIP-FLOP TRUTH TABLE 


L, CK, Py Ry J K{Q] 












| OE | ML 
rit ie 
eh yx kX oe tL a 
L X -%X® H b-L X XFHIL 
L L fT L LE LLIQ{] a 
L L fT cL L t HILY H 
L tL fT LoL HLH] L 
L L fT -L L H HIG] Q 
H fT L L LC HYIL] H 
H T L LH LIHI L 
HovlxX tT X X LH H 
X T X X H LIH]L* 
NOTES: 
1. Positive Logic: 


J-K =T9 417, +To+... + Tay 
Tre OC cllarly ibe: \slsocnade 


(Bo. By... a : 

denotes transition for Low to High level. 

X= Don'tcare . 

* = Forced at M, pin for loading the J-K 

flip-flop in the Input mode. The load con- 

trol term, L, must be enabled (HIGH) and 

the p-terms that are connected to the 

associated flip-flop must be forced LOW 

(disabled) during Preload. 

5. AIP =R=H, Q=H. The final state of Q 
depends on which is released first. 

6. “* = Forced at F, pin to load J/K flip-flop 

(Diagnostic mode). 


PON 
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PLC42VA12 UNPROGRAMMED 
STATE 

A factory shipped unprogrammed device is 
configured such thatall cells are in a conductive 
state. 


The following are: 


ACTIVE: 

— OR array logic terms 

— Output Macro Cells M1 — M8; 
© D-type registered outputs 


~— External clock path 
— Inputs: Bo, By, Mo, Mo 


INACTIVE: 
— AND array logic and control terms (except 
flip-flop mode control term, Fc) 


- Bidirectional I/O (Bo, B1); 
e Inputs are active. Outputs are 3-Stated 
via the OE P-terms, Dp and D,. 
— Output Macro Cells Mg and Mg; 
e Bidirectional I/O, 3-Stated via the OE 


P-terms, DMo and DMg. The inputs are 
active. 


— P-term clocks 
— Complement Array 
— J-K Flip-Flop mode 
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ERASURE CHARACTERISTICS 
(For Quartz Window Packages 
Only) 

The erasure characteristics of the 
PLC42VA12 devices are such that erasure 
begins to occur upon exposure to light with 
wavelength shorter than approximately 4000 
Angstroms (A). It should be noted that sun- 
light and certain types of fluorescent lamps 
have wavelengths in the 3000 — 4000A 
range. Data shows that constant exposure to 
room level fluorescent lighting could erase a 
typical PLC42VA12 in approximately three 
years, while it would take approximately one 
week to cause erasure when exposed to 
direct sunlight. If the PLC42VA12 is to be 
exposed to these types of lighting conditions 
for extended periods of time, opaque labels 
should be placed over the window to prevent 
unintentional erasure. 


The recommended erasure procedure for the 
PLC42VA12 is exposure to shortwave 
ultraviolet fight which has a wavelength of 
2537 Angstroms (A). The integrated dose 
(i.e., UV intensity x exposure time) for 
erasure should be a minimum of 15Wsec/ 
cm*. The erasure time with this dosage is 
approximately 30 to 35 minutes using an 
ultraviolet lamp with a 12,0001W/cm? power 
rating. The device should be placed within 
one inch of the lamp tubes during erasure. 
The maximum integrated dose a CMOS 
EPLD can be exposed to without damage is 
7258Wsec/em? (1 week @ 12000nW/cm?). 
Exposure of these CMOS EPLDs to high 
intensity UV light for longer periods may 
cause permanent damage. 


The maximum number of guaranteed erase/ 
write cycles is 50. Data retentions exceeds 
20 years. 
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CMOS programmable multi-function PLD 


(42 x 105 x 12) 


PROGRAM TABLE 


OUTPUT ENABLE CONTROL 








OE CONTROL CikcontTRoL of powanity | 





FIXED OR CONTROLLED 


CONTROLLED FROM PIN 
OR ARRAY 
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status [roduc Spectcaion 


DESCRIPTION 

The PLC415—16 PLD is a CMOS Program- 
mable Logic Sequencer of the Mealy type. 
The PLC415~16 is a pin-for-pin compatible, 
functional superset of the PLS105 and 
PLUS405 Bipolar Programmable Logic 
Sequencer devices. 


The PLC415 is ideally suited for high density, 
power sensitive controller functions. The 
Power Down feature provides true CMOS 
standby power levels of less than 100A. The 
EPROM-based process technology supports 
operating frequencies of 16 to 20MHz. The 
PLC415-16 has been designed to accept 
both CMOS and TTL input levels to facilitate 
logic integration in almost any system envi- 
ronment. 


The PLC415 architecture has been tailored 
for state machine functions. Both arrays are 
programmable, thus providing full inter- 
connectability. Any one or all of the 64 AND 
transition terms can be connected to any (or 
all) of the 8 buried state and 8 output 
registers. 










Two clock sources enable the design of 2 
state machines on one chip. Separate INIT 
functions and Output Enable functions for 
each are controllable either from the array or 
from an external pin. The J-K flip-flops pro- 
vide the added flexibility of the toggle function 
which is indeterminate on S-R flip-flops. The 
programmable Initialization feature supports 
asynchronous initialization of the state ma- 
chine to any user defined pattern. 


The unique Complement Array feature 
supports complex ELSE transition statements 
with a single product term: The PLC415-16 
has 2 Complement Arrays which allows the 
user to design two independent complement 
functions. This is particularly useful if two 
state machines have been implemented on 
one chip. 


' © Interface protocols 


PLC415—16 


CMOS programmable logic sequencer 
(17 x 68 x 8) 


FEATURES PIN CONFIGURATIONS 


© Pin-for-Pin compatible, functional superset 


of PLS105/A and PLUS405 Logic N, FA Packages 


Sequencers 
© Zero standby power of less than 100LA 
(worst case) 
— Power dissipation at fyax = 80mMA 
(worst case) 


® CMOS and TTL compatible 


® Programmable asynchronous Initialization 
and OE functions 
- Controllable from AND Array or external 
source 


© 17 input variables 
© 8 output functions 


® 68 Product Terms 
- 64 transition terms 
- 4control terms . 
® 8-bit State Register 
® 8-bit Output Register 


® 2 Transition Complement Arrays 
NOTE: 

N = Plastic DIP (600mil-wide) 

FA = Ceramic DIP with Quartz window (600mil-wide) 


®@ Multiple clocks 


® Diagnostic test modes features for access 
to state and output registers 


© Power-on preset of all registers to “1” 
© J-K flip-flops 
—- Automatic Hold states 


A Package 


® Security Fuse 


Is/(CLK Ig I7 CLK Voc lg 


© 3-State outputs 


APPLICATIONS 


® Sequence detectors 
® Peripheral controllers 
® Timing generators 

© Arbitration functions 


© Sequential circuits 


Fs Fa GNDFg Fo Fy Fo 


© Security locking systems 
© Counters 
© Shift Registers 


NOTE: 
A= Plastic Leaded Chip Carrier 





319 


Philips Components—Signetics Programmable Logic Devices 


CMOS programmable logic sequencer 


(17 x 68 x 8) 


PIN DESCRIPTION 


lo ~— Ig, 17, Ie 
Ig—lg 
hg-hs 


I/CLK2 


July 30, 1990 


NAME AND FUNCTION 


Clock: The Clock input to the State and Output Registers. A Low-to-High transition on this 
line is necessary to update the contents of both registers. Pin 1 only clocks Pg_3 and Fo_3 
if Pin 4 is also being used as a clock. 


Logic Inputs: The 12 external inputs to the AND array used to program jump conditions 
between machine states, as determined by a given logic sequence. True and complement 
signals are generated via use of “H” and “L”. 


Logic Input/Clock: A user programmable function: 


© Logic Input: A 13th external logic input to the AND array, as above. 


@ Clock: A 2nd clock for the State Registers P, _ 7 and Output Registers F4.7, as above. 
Note that input buffer I; must be deleted from the AND array (i.e., all fuse locations “Don't 
Care”) when using Pin 4 as a Clock. 


Logic/Diagnostic Input: A 14th external logic input to the AND array, as above, when 
exercising standard TTL or CMOS levels. When J, is held at +11V, device outputs Fy ~ F7 
reflect the contents of State Register bits Pp — P7. The contents of each Output Register 
remains unaltered. 


Logic/Diagnostic Input: A 15th external logic input to the AND array, as above, when 
exercising standard TTL or CMOS levels. When 1, is held at +11V, device outputs Fy — F7 
become direct inputs for State Register bits Pp — P7; a Low-to-High transition on the appro- 
priate clock line loads the values on pins Fg — F7 into the State Register bits Pp — P7. The 
contents of each Output Register remains unaltered. 


Logic/Diagnostic Input: A 16th external togic input to the AND array, as above, when 
exercising standard TTL or CMOS levels. When ly is held at +11V, device outputs Fg — Fy 
become direct inputs for Output Register bits Qo — Q7; a Low-to-High transition on the ap- 
propriate clock line loads the values on pins Fg — Fz into the Output Register bits Qo — Q7. 
The contents of each State Register remains unaltered. 


Logic Outputs/Diagnostic Outputs/Diagnostic Inputs: Eight device outputs which nor- 
mally reflect the contents of Output Register Bits Qg - Q7, when enabled. When 149 is held 
at +11V, Fo —F7 = (Po — P7). When I,, is held at +11V, Fo — Fy become inputs to State Reg- 
ister bits Pp — Pz. When Iyq is held at +11V, Fo — F7 become inputs to Output Register bits 
Qo - Q;. 


External Initialization, External /OE, PD or I,g: A user programmable function: Only one 
of the four options below may be selected. Note that both Initialization and /OE OpHanS: are 
alternately available via the AND array. (P-terms INA, INB, OEA, and OEB.) 


@ External Initialization: Provides an asynchronous Preset to logic “1” or Reset to logic 
“0” of any or all State and Output Registers, determined individually on a register-by- 
register basis. INIT overrides the clock, and when held High, clocking is inhibited. Normal 
clocking resumes with the first full clock pulse following a High-to-Low clock transition, after 
the INIT pulse goes Low. See timing diagrams for tyycx and tycx. Note that if the External 
Initialization option is selected, I1¢ is disabled automatically via the design software and the 
Power Down and External OE options are not available. Internal OE is available via 
P-Terms OEA and/or OEB. This option can be selected for one or both banks of registers. 


e External Output Enable: Provides an Output Enable/Disable function for Output Regis- 
ters. Note that if the External OE option is selected, l1g is disabled automatically via the 
design software and the Power Down and External INIT options are not available. Internal 
INIT is available via P-terms INA and/or INB. This option can be selected for one or both 
banks of registers. 


© Power Down: When invoked, provides a Power Down (zero power) mode. The contents 
of all Registers is retained, despite the toggling of the Inputs or the clocks. To obtain the 
lowest possible power level, all Inputs should be static and at CMOS input levels. Note that 
if the PD options is selected, lig is disabled automatically via the design software and the 
External INIT and External OE options are not available. Internal INIT is available via 
P-terms INA and/or INB and Internal OE is available via P-terms OEA and/or OEB. 


@ Logic Input: The 17th external logic input to the AND array as above. Note that when 
the I, option is selected, the Power Down, External /OE and External INIT are not avail- 
able. Internal OE and Internal INIT are available from P-Terms OEA/OEB and INA/INB, 
respectively. 
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POLARITY 
Active-High (H) 


Active-High/Low 
(H/L) 


Active-High/Low 
: (H/L) 


Active-High (H) 


Active-High/Low 
(H/L) 


Active-High/Low 


(H/L) 


Active-High/Low 
(H/L) 


Active-High (H) 


Active-High (H) 


Active-Low (L) 


Active-High (H) 


Active-Hig h/Low 
(H/L) 





Philips Components—Signetics Programmable Logic Devices Product Specification 


CMOS programmable logic sequencer 


(17 x 68 x 8) PLC415—-16 


TRUTH TABLE 1: 2,3, 4,5 


eS -= | OPTION 
Lee 


Pad ane 
. Positive Logic: 
S/R (or J/K) = To + Ty +Tot+. ; 16 63 
Th = (Co, Cy)(Io, by, ta, - - .) (Po, Pa... P2) 
denotes transition from Low-to-High level. 
X = Don't Care (<5.5V) 
H/L implies that either a High or a Low can occur, depending upon user-programmed Initialization selection (each State and Output Register 
individually programmable). 
5. When using the Fy pins as inputs to the State and Output Registers in diagnostic mode, the F buffers are 3-Stated and the indicated levels 
on the output pins are forced by the user. 










qa 


lio iy lhe CK 












x «x «KK XK 


< 











x KK RK KIL 





+ 
— 
= 
< 





x «~— KM KM LK KK 
xpxo-— DTH TK KK KK mK KK KK KOK OK OK RK 


x)|<x «KK KL 
xlO RO RD TDK KTR IDF DKK KHOR PY XK 
xjxo oD er ml K KKK KK KK KK KKK OK 


me 





Hes 





PoP 


VIRGIN STATE LOGIC FUNCTION 
A factory-shipped virgin device contains all 
fusible links intact, such that: _ Typical State Transition: 
1. INIT/OE/PD/\1¢ is set to INIT. In order to 
use the INIT function, the user must 
select either the PRESET or the RESET 
option for each flip-flop. Note that regard- 
less of the user-programmed initialization, 
or even if the INIT function is not used, all 


registers are preset to “1" by the power-up 


Q2 Qt Qo 


= PRESENT STATE 


STATE REGISTER 


procedure. 
SET Qo: Sp = (QQ *Qy° G9) A-B-C... 

2. All transition terms are inactive (0). Ro =0 
3. All J/K flip-flop i isabled (0). RESET Q4:S 

ip-flop inputs are disabled (0) t Ria (Up + Qy Ug) "HBC. 
4. The Complement Arrays are inactive. 

. HOLD Qo: Sp =0 
5. Clock 1 is connected to all State and Rg=0 





Output Registers. 


July 30, 1990 321 


Philips Components—Signetics Programmable Logic Devices Product Specification 


CMOS programmable logic sequencer. 
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FUNCTIONAL DIAGRAM 


OEB OEA INA _INB 


PDANIT/OEA16 
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» Programmable connection. 
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LOGIC DIAGRAM 
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DETAILS FOR PLC415-16 LOGIC DIAGRAM 


TO OUTPUT 
PINS 


FROM OE PIN 19 
OR PTERM OEA (Fo_3) 
OR OEB (F4_7) 


FROM INIT PIN 19 FROM CLK1 
OR PTERMINA (Fo_3) OR CLK2 


FROM INIT PIN 19 FROM CLK1 ORINB (F4_7) 


OR PTERM INA (Po_3) OR CLK2 
OR INB (P4_7) 


Detail A Detail B 
State Reglsters Pp - P7 Output Reglsters Fy — Fz 


INTERNAL 
OE 
O © 
POWER cS A. os 
DOWN 
SELECT 
Cj 
a EXTERNAL & 
| = INITOROE i 
.) 


( | FROM AND 
ARRAY ry OEANITPDAYs 


(PIN 19) 


INTERNAL 
OE 


Z\ 


Detail C 
Pin 19 Options: OE, Initialization, Power Down and Input 16 





FROM P47 AND —- P93, AND 
AND ARRAY Fq_7 INIT Fo_g INIT 


FROM PIN 19 
CONTROL 


Detail D 
Internal and External Initialization 
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DETAILS FOR PLC415—16 LOGIC DIAGRAM (Continued) 


OEB OEA 


The Complement Array is a special 
sequencer feature that is often used for 
detecting illegal states. It is also ideal for 
generating IF-THEN-ELSE logic statements 
with a minimum number of product terms. 


The concept is deceptively simple. If you 
subscribe to the theory that the expressions 
(/A +/B « /C) and (A+B +C) are equivalent, 
you will begin to see the value of this single 
term NOR array. 


The Complement Array is a single OR gate 
with inputs from the AND array. The output of 
the Complement Array is inverted and fed 
back to the AND array (NOR). The output of 
the array will be Low if any one or more of the 
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TO OR ARRAY 


Complement Array Detail 


AND terms connected to it are active (High). 
If, however, all the connected terms are 
inactive (Low), which is a classic unknown 
state, the output of the Complement Array will 
be High. 


Consider the Product Terms A, B and D that 
represent defined states. They are also 
connected to the input of the Complement 
Array. When the condition (not A and not B 
and not D) exists, the Complement Array will 
detect this and propagate an Active-High 
signal to the AND array. This signal can be 
connected to Product Term E, which could be 
used in turn to reset the state machine to a 
known state. Without the Complement Array, 
one would have to generate product terms for 
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all unknown or illegal states. With very 
complex state machines, such an approach 
can be prohibitive, both in terms of time and 
wasted resources. 


Note that the PLC415-16 has 2 Complement 
Arrays which allow the user to design 2 
independent Complement functions. This is 
particularly useful if 2 independent state 
machines have been implemented on one 
device. 


Note that use of the Complement Array adds 
an additional delay path through the device. 
Please refer to the AC Electrical 
Characteristics for details. 
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ORDERING INFORMATION 












rene ea 
Betis pega nakio (600mil-wide) 
a eee 
ABSOLUTE MAXIMUM RATINGS? 


a 


NOTES: 
1. Stresses above those listed may cause malfunction or permanent damage to the device. This 


is a stress rating only. Functional operation at these or any other condition above those 
indicated in the operational and programming specification of the device is not implied. 
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DC ELECTRICAL CHARACTERISTICS 
eI <+/5°C, 4.75 <V, 


: <5.25V 
LIMITS 
SYMBOL PARAMETER TEST CONDITION | MIN | Typ?) | MAX | UNIT 


Output voltage? 


Voc = MIN 


Pee msi 
a 
| 






Qo 
© 
1A 

4 



















7 V, -V, 
| Hi-Z state ouT = ¥cc 


Rf ete “6nd 
= [saree ea Tt 
CcsB asserted’ Vin = O or Voc 

te 

ee ah ll 


Vor 
VoH 
he 
ty 






lec Vcc supply current Active #5 lout = OMA | atf=1MHz | 
(TTL or CMOS Inputs) Voc = MAX at f = MAX 


Voc = BV 


. All typical values are at Voc = 5V. Tam = +25°C. 

. All voltage values are with respect to network ground terminal. 

. Duration of short-circuit should not exceed one second. Test one ata time. 

. Tested with TTL input levels: Vi_ = 0.45V, Viy = 2.4V. Measured with all inputs and outputs switching. 

. Refer to Figure 1, loc vs Frequency (worst case). 

. Refer to Figure 2 for Atpp vs output capacitance loading. 

. The outputs are automatically 3-Stated when the device is in the Power Down mode. To achieve the lowest possible current, the inputs and 
clocks should be at CMOS static levels. 








Capacitance 


C 








Cg 





[e) 
s 
m 
no 


NOnNARONMo= ZS 


Atppins) 


12 4 6 8 10 12 14 46 18 
{(MHz) 


QO 20 40 60 80 100 120 140 160 180 200 
OUTPUT CAPACITANCE LOADING (pF) 


Figure 2. Atpp vs Output Capacitance 
Loading (Typical) 


Figure 1. loc vs Frequency 
(Worst Case) 
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AC ELECTRICAL CHARACTERISTICS 
Ry = 2520, Ro = 1780, 0°C < Tam < +75°C, 4.75 < Veo < 5.25V 


TEST LIMITS 
SYMBOL PARAMETER FROM TO CONDITION | MIN. | TYP | MAX | UNIT 


ie | cectin dC Or TO] 
Pen | tecktow Poems fs 
[wm | taeatontnpsice frre | soe fm | 
Psewpine 











Set-up time 


ris [ee CSC~=“*~*irSCOCtCC dr ee] | 
opurough Coplomentaray [aif eke ater [oo | | | w | 
a co a 


Clock resume (after INIT) when 
'veK1 _using INIT pin (pin 19) sal — | mr fo fs] | | 
Clock resume (after INIT) when CK- 30pF Fao fe | | os | 


1 

Wea using P-term INIT (from AND array) () 
Clock lockout (before INIT) when 

tnveK1 using INIT pin (pin 19) ae ne | amr fo fo] | m| 

Clock lockout (before INIT) when INIT— | cope fo | 5 | | os | 


twveKe! using P-term INIT (from AND array) CK- 


Propagation delays 


tcKo Clock to Output 
tepz Power Down to outputs off 


t Power Up to outputs Active 
PUAI with dedicated Output Enable 
1 Power Up to outputs Active 

tpua2 i 1 
with P-term Output Enable 
Last valid clock to P D 

tpu aca Hoe, ee Terra Last Valid Clock PD+ 30pF Fas fas | | os | 
First valid clock cycle before Power | Beginning of First 


te; Output Enable: from /OE pin sopF =| =| 15 | 30 | ns | 
Output Enable; from P—-term (I) + Output Enabled 30pF me ES ee ns 

Output Disable; from /OE pin OE+ Output Disabled | SpF | | 20 «| 30 | os | 

Output Disable; from P-term ( Output Disabled | spF || 30 | 40 | ns | 

ines INIT to output when using INIT pin INIT+ (F) 4/- Ce ee Eo 


Outputs Active 


Output Enabled 


3 
toor? 


=> 
t 


tppr' Power-on Preset (F, = 1) “Veo+ (F) + 30pF | {| 5 fons | 
Registered operating period; ahs if 
Registered operating period with 
Complement Array (tig + tcxo1) (I) + (F) + 30pF 2 ® . 


Notes on following page 
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a ELECTRICAL CHARACTERISTICS (Continued) 
= 2520, Ro = 1782, 0°C < Tam < +75°C, 4.75 < Veco < 5.25V 


TEST LIMITS - 
SYMBOL PARAMETER CONDITION | MIN | TYP | MAX | UNIT 


OO 


aS of operation 


eS 


Registered operating frequency he is 2 M 
fMaxt (tiss + texo) (I) +4 (F) +/ 30pF 16.7 5 Hz 
Registered operating frequency with 
fuaxe Complement Array (tiso + texo1) (I) +/— (F) +/- 30pF 13.3 18.2 MHz 


ee 
. Not 100% tested, but guaranteed by design/characterization. 
7 All propagation delays and setup times are measured and specified under worst case conditions. 
3. For 3-State output; output enable times are tested with C, = 30pF to the 1.5V level, and S, is open for high-impedance to High tests and 
closed for high-impedance to Low tests. Output disable times are tested with C_ = 5pF. High-to-High impedance tests are made to an output 
voltage of V7 = (Voy —0.5V) with S; open, and Low-to-High impedance tests are made to the Vy = (Vo; + 0.5V) level with S, closed. 



















TIMING DIAGRAMS 


CLK1/2 


OE 
(from OEA/B or Pin 19) 


toE 
Sequential Mode 


INIT \ 
(FROM INA/B OR PIN 19) : 





Asynchronous Initialization 
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The PLC415-16 has a unique power down all the State and Output registers. In order to 
feature that is ideal for power sensitive insure that the last valid states are saved, 
controller and state machine applications. there are certain hold times associated with 
During idle periods, the PLC415 can be the first and last valid clock edges and the 
powered down to a near zero power Power Down input pulse. The Outputs are 
consumption level of less than 100 micro then automatically 3-Stated and power 


Amps. Externally controlled from Pin 19, the consumption is reduced to a minimum. 
power down sequence first saves the data in 


TIMING DIAGRAMS (Continued) 


CHEE XTXXXXXKEKEKE 


LAST VALID 
CLOCK 


UspD 


. eaee 
LAST VALID 
OUTPUT SiATE 


Power Down Enable and Disable 


POWER DOWN POWER UP 


tis 


Power-On Preset . 
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Once in the power down mode, any or all of 
the inputs, including the clocks, may be 
toggled without the loss of data. To obtain the 
lowest possible power level, the inputs should 
be at static CMOS input levels during the 
power down period. 


FIRST VAUD 


LAST VALID 
STATE 
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TIMING DIAGRAMS (Continued) 


TNTERNAL 
Qq-Q7 _STATE REG. __(Ps) 


Le eK ED 
‘cko 


Diagnostic Mode—State Register Outputs 


~*7 
(INPUTS) 1.5V (FORCED Dyn) 


(8) LLL 


Diagnostic Mode—State Register Input Jam 


AML LiKe ie 


Diagnostic Mode—Output Register Input Jam 
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TIMING DEFINITIONS 


SYMBOL PARAMETER 


foLk Minimum guaranteed toggle 
frequency of the clock (from 
Clock HIGH to Clock HIGH). 
fMaxt,2 Minimum guaranteed 
operating frequency. 
Width of input clock pulse. 
Interval between clock 
pulses. 


Minimum guaranteed 
operating period — when not 
using Complement Array. 
























Minimum guaranteed 
operating period — when 
using Complement Array. 

















Delay between positive 
transition of Clock and when 
Outputs become valid (with 

outputs enabled). 






ty Required delay between 

positive transition of Clock 

and end of valid Input data. 
Required delay between the 
positive transition of the 
beginning of the first valid 
clock cycle to the beginning 
of Power Down LOW to 
insure that the last valid 
states are intact and that the 
next positive transition of the 
clock is valid. 







Required delay between the 
positive transition of the last 
valid clock and the beginning 
of Power Down HIGH to 


tupu 
insure that last valid states 
are saved. 


tiINITH Width of initialization input 
pulse. 


tinits Delay between positive 
transition of Initialization and 


when Outputs become valid 


when using external INIT 
July 30, 1990 








control (from pin 19). 






Delay between positive 
transition of Initialization and 
when outputs become valid 
when using internal INIT 
control (from P-terms INA 
and !NB). 





















Required delay between the 
beginning of Power Down 
HIGH (from pin 19) and the 
positive transition of the next 
clock to insure that the clock 
edge is not detected as a 
valid Clock and that the last 
valid states are saved. 






SYMBOL PARAMETER 


Required delay between the 


beginning of Power Down 


LOW and the positive 
transition of the first valid 


clock. 


Required delay between 
toni 


beginning of valid input and 
positive transition of Clock. 


tppz 































Required delay between 
beginning of valid input and 
positive transition of Clock, 
when using optional 
Complement Array (two 
passes necessary through 
the AND Array). 


Required delay between the 
negative transition of the 
clock and the negative 
transition of the 
Asynchronous Initialization 
when using external INIT 
control {from pin 19) to 
guarantee that the clock edge 
is not detected as a valid 
negative transition. 
















Required delay between the 
negative transition of the 
clock and the negative 
transition of the 
Asynchronous Initialization, 
when using the internal INIT 
control (from P-terms INA 
and INB), to guarantee that 
the clock edge is not detected 
as a valid negative transition. 

















Delay between beginning of 
Output Enable High and 
when Outputs are in the 
OFF-State, when using 
external OE control (from 
pin 19). 


Delay between beginning of 
Output Enable High and 
when outputs are in the 
OFF-State when using 
internal OE control (from 
P-terms OEA and OEB). 


Delay between beginning of 
Output Enable Low and when. 
Outputs become valid when 
using external OE control. 
from pin 19. Se 




























Delay between beginning of 
Output Enable Low and when 
outputs become valid when 
using internal OE control 
(from P-terms OEA and 
OEB). 


Delay between beginning of 
Power Down HIGH and when 
outputs are in OFF-State and 
the circuit is ‘powered down”. 
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tpuat2 


Delay between Vcc (after 
power-on) and when Outputs 
become preset at “1”. 


Delay between beginning of 
Power Down LOW and when 
outputs become Active (valid) 


‘and the circuit is “powered 


up”. See AC Specifications. 


Required delay between 
positive transition of Clock 
and end of valid Input data 
when jamming data into State 
or Output Registers in 
diagnostic mode. 


Required delay between 
positive transition of Clock 
and end of inputs !,, or ly 
transition to State and Output 
Register Input Jam 
Diagnostic Modes, 
respectively. 


Required delay between 
when inputs 111 oF Ii 
transition to State and Output 
Register Input Jam 
Diagnostic Modes, 
respectively, and when the 
output pins become available 
as inputs. 


Delay between input lj. 
transition to Logic mode and 
when the Outputs reflect the 
contents of the Output 
Register. 


Delay between input l,> 
transition to Diagnostic Mode 
and when the Outputs reflect 
the contents of the State 
Register. 


Required delay between 
negative transition of 
Asynchronous Initialization 
and negative transition of 
Clock preceding the first valid 
clock pulse when using 
external INIT control (pin 19). 


Required delay between the 
negative transition of the 
Asynchronous Initialization 
and the negative transition of 
the clock preceding the first 
valid clock pulse when using 
internal INIT control (from 
P—terms INA and INB). 


Required delay between Voc 
(after power-on) and negative 
transition of Clock preceding 
first reliable clock pulse. 
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TEST LOAD CIRCUIT VOLTAGE WAVEFORMS 





OUTPUTS 
MEASUREMENTS: 
All circuit delays are measured at the +1.5V level of 
NOTE: inputs and outputs, unless otherwise specified. 
Cy and C2 are to bypass Vcc to GND. Input Pulses 
LOGIC PROGRAMMING 
The PLC415~16 is fully supported by industry PLC415-16 logic designs can also be To implement the desired logic functions, 
standard (JEDEC compatible) PLD CAD generated using the program table entry each logic variable (I, B, P, S, T, etc.) from the 
tools, including Signetics AMAZE, SLICE and _ format, which is detailed on the following logic equations if assigned a symbol. TRUE, 
SNAP design software packages. ABEL™ pages. This program table entry format is COMPLEMENT, PRESET, RESET, OUTPUT 
and CUPL™ design software packages also supported by AMAZE and SLICE only. Both ENABLE, INACTIVE, etc., symbols are 
support the PLC415-16 architecture. AMAZE and SLICE design packages are defined below. 


All packages allow Boolean and state available, free of charge, to qualified users. 


equation entry formats. SNAP, ABEL and 
CUPL also accept, as input, schematic 
capture format. 


INITIALIZATION (PRESET/RESET)" OPTION — (P/R) 


> 
> 
INIT INIT 


[xeon [cone] | ["_aetion Cove 
[woerewnare™*@| o | | [pneser® | wn | 


“AND” ARRAY - (1), (P) 


= 


[stare] e00E 
[wacrves? [0 [pont cane [| 


Notes are on page 335. 





ABEL is a trademark of Data VO Corp. 
CUPL is a trademark of Logical Devices, Inc. 
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LOGIC PROGRAMMING (Continued) 


PIN 19 FUNCTION: POWER DOWN, INIITALIZATION, OE, OR INPUT 


Power Down Mode P-Term Initialization Control 


FROM AND ARRAY 
(PD FUSE) (INIT/OE FUSE) 


DE DISABLED 
FROM PIN 19 


POWER DOWN 
CONTROL 
FROM PIN 19 


INIT DISABLED TO RLGSTERS 


FROM PIN 19 
INTERNAL INIT FUSE 


4g DISABLED = INIT DISABLED 
FROM PIN 19 


INTERNALINITFUSES | CODE | 
POWER DOWN FUSE CODE S EAALINIT CONTEOL 


PIN 19 AS POWER DOWN 
POWERDOWNFUSE | CODE | 
EXTERNAL IMT/OE FUSE POWER DOWN ENABLED OR at 
EXTERNAL INIT/OE DISABLED L DISABLED HO! 
External Initialization Control P-Term OE Control 


(PD FUSE) (INIT/OE FUSE) : FROM AND ARRAY 
PONDISABLED DE DISABLED 
FROM PIN 19 FROM PIN 19 


INIT CONTROL 
FROM PIN 19 OUTPUT ENABLE 
CONTROL 


14g DISABLED INTERNAL OE FUSE 


DE DISABLED 
FROM PIN 19 


POWER DOWN DISABLED 

EXTERNAL INIT/OE FUSE : INTERNAL OE FUSES | CODE | 

PIN 19 AS EXTERNAL INIT P-TERMOECONTROL =| H? | 
INTERNAL INIT FUSES | CODE | POWER DOWN FUSE 


P-TERMINIT ACTIVE OR a POWER DOWN ENABLED OR 
INACTIVE HORL’» DISABLED HORL 


External Output Enable Control 


(PD FUSE) (INIT/OE FUSE) 


PO NSABLED OE CONTROL 


FROM PIN 19 FROM PIN 19 


INIT DISABLED 
FROM PIN 19 


11g DISABLED 


POWER DOWN DISABLED 


EXTERNAL INIT/OE FUSE 
: PIN 19 AS EXTERNAL OE 


INTERNALINITFUSES | CODE | 


P-TERM OE ACTIVE OR 7.8 
INACTIVE HORL” 


Notes are on page 335. 
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LOGIC PROGRAMMING (Continued) 


“OR” ARRAY — J-K FUNCTION -~ (N), (F) 


¢c 83 
c 
Tn 


inactive? [|  o | PROPAGATE 








CLK1 


CLK1 ONLY! 


NOTES: 
. This is the initial unprogrammed state of all links. 
. Any gate Ty will be unconditionally inhibited if any one of its | or P link pairs is left intact. 
. To prevent oscillations, this state is not allowed for C link pairs coupled to active gates Tp. 
. These states are not allowed when using PRESET/RESET option. , . 
. Input buffer Il, must be deleted from the AND array (i.e., all fuse locations “Don't Care”) when using second clock option. 
. When using Power Down feature, INPUT 16 is automatically disabled via the design software. 
. If the internal (P-term) control fuse for INIT and/or OE is programmed as Active High, the associated External Control function will be perma- 
nently disabled, regardless of the state of the External INIT/OE fuse. 
. One internal contro! fuse exists for each group of 8 registers. P9_3 and Fg_3 are banked together in one group, as are P4— 7 and F4_ 7. Con- 
trol can be split between the INIT/OE pin (Pin 19) and P—-terms INA, INB, OEA and OEB. 
. The PLC415-16 also has a power-up preset feature. This feature insures that the device will power-up in a known state with all register 
elements (State and Output Register) at a logic High (H). When programming the device it is important to realize this is the initial state of the 
device. You must provide a next state jump if you do not wish to use all Highs (H) as the present state. 
10. L = cell unprogrammed. , 
H = cell programmed. 

11. Inputs 10, 11 and 12 (pins 25, 24, & 23) can be used for supervoltage diagnostic mode tests. !t is recommended that these inputs not be 
connected to product terms INA, INB, OEA or OBB if you intend to make use of the diagnostic modes due to the fact that the patterns 
associated with the internal INIT and OE control product terms may interfere with the diagnostic mode data loading and reading. 










OPTION _| CODE _| 
CLKiandcik2> | oH | 


a NOOD OM — 


wo 
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OUTPUT (Fn) 


IN7[NG[NS]N4[N3[N2[N1 [NO[F7 [F6 [FS [F4 [F3|F2 [F1 [FO] 
a 








INDETERMINATE | 0} 





INITIALIZATION 
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ale te | ble a HEE. ETE {tT 
A ne 
—laealag! [cit 2 H H : 
a calos SiS Seti TTT TTT TTT TTT TT HH | 
$259] (S/S ? j2I | TT 
awjaAo OO | | 
=] [= [= | ~ (el 
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zig| e4\zz lal | Ean BERRRRE BEBE tT a 
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REAR Ee 
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wlio lés eH 
Fig z (2 | 
2/8 /2\€| Leet 





a2 (8 6 Brett eee 
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NOISIAaY # LYVd HSWOLSND 








T CARE 











31va # LUVd SOILANDIS 





DON 





INACTIVE 








SWYN LOSOud AWVN HSWOLSND 





PROGRAM TABLE 


NOTES: 


"s for all product terms (inactive) and 


gram table for an unprogrammed device would contain “0 


. the pro 
unprogrammed state of all other options is “L". 


, Im and Ps cells are normally programmed as Don't Care (-). 


rammed state all cells are conducting. Thus, 


initialization states (indeterminate). The default or 


2. Unused Cn 


In the unpro: 
3. Unused product terms can be left blank (inactive) for future code modification. 


1. 
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ERASURE CHARACTERISTICS 
(For Quartz Window Packages 
Only) 

The erasure characteristics of the PLC415 
Series devices are such that erasure begins 
to occur upon exposure to light with wave- 
lengths shorter than approximately 4000 Ang- 
stroms (A). It should be noted that sunlight 
and certain types of fluorescent lamps has 
wavelengths in the 3000 — 4000A range. Data 
shows that constant exposure to room level 
fluorescent lighting could erase a typical 
PLC415 in approximately three years, while it 
would take approximately one week to cause 
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erasure when exposed to direct sunlight. If 
the PLC415 is to be exposed to these types 
of lighting conditions for extended periods of 
time, opaque labels should be placed over 
the window to prevent unintentional erasure. 


The recommended erasure procedure for 
the PLC 415 is exposure to shortwave 
ultraviolet light which has a wavelength of 
2537 Angstroms (A). The integrated dose 
(i.e., UV intensity x exposure time) for 
erasure should be a minimum of 
15Wsec/cm?. The erasure time with this 
dosage is approximately 30 to 35 minutes 


337 


using an ultraviolet lamp with a 
12,000,W/cm? power rating. The device 
should be placed within one inch of the lamp 
tubes during erasure. The maximum 
integrated dose a CMOS EPLD can be 
exposed to without damage is 7258Wsec/cem2 
(1 week @ 12000,,.W/cm?). Exposure of 
these CMOS EPLDs to high intensity UV light 
for longer periods may cause permanent 
damage. 


The maximum number of guaranteed erase/ 
write cycles is 50. Data retention exceeds 20 
years. 
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SNAP RESOURCE SUMMARY DESIGNATIONS 


CK1/CK2 


aa EXTERNAL 
INITIOE 


PDANIT/OEA16 
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Date of Issue 


DESCRIPTION 

The PLS105and the PLS105A are 
bipolar Programmable Logic State 
machines of the Mealy type. They 
contain logic AND-OR gate arrays with 
user programmable connections which 
contro! the inputs of on-chip State and 
Output Registers. These consist 
respectively of 6 Qp, and 8 Qr 
edge-triggered, clocked S/R flip-flops, 
with an Asynchronous Preset option. all 
flip-flops are unconditionally preset to “1” 
during power turn on. 









The AND array combines 16 external 
inputs |p — Is with six internal inputs 
Po-s, which are fed back from the State 
Registers to form up to 48 transition 
terms (AND terms). All transition terms 
can include True, False, or Don’t Care 
states of the controlling variables, and 
are merged in the OR array to issue 
next-state and next-output commands to 
their respective registers on the 
Low-to-High transition of the Clock 
pulse. Both True and Complement 
transition terms can be generated by 
optional use of the internal input variable 
(C) from the Complement Array. Also, if 
desired, the Preset input can be 
converted to Output Enable function, as 
an additional user-programmable option. 


Order codes are listed in the Ordering 
Information Table. 


PLS105/A 


Programmable logic sequencers 
(16 x 48 x 8) 


FEATURES PIN CONFIGURATIONS 
® PLS105 
— fax = 13.9MHz 
— 20MHz clock rate 
@ PLS105A 
— fuax = 2OMHz 
— 25MHz clock rate 
@ Field-Programmable (Ni-Cr link) 


© 16 input variables 


N Package 


® 8 output functions 

© 48 transition terms 

© 6-bit State Register 

® 8-bit Output Register 

® Transition complement array 


© Positive edge-triggered clocked 
flip-flops 

® Programmable Asynchronous Preset 
or Output Enable 


© Power-on preset to all “1” of internal 
registers 


© Power dissipation: 600mW (typ.) 
@ TTL compatible 
© Single +5V supply 


N = Plastic DIP (600mil-wide) 


A Package 


Ig Ig ly CLK Voc lg 


© 3-State outputs 


APPLICATIONS 

© Interface protocols 

@ Sequence detectors 
© Peripheral controllers Fs Fq GND Fz F2 O05 


© Timing generators A = Plastic Leaded Chip Carrier 





@ Sequential circuits 

@ Elevator controllers 

® Security locking systems 
® Counters 

® Shift registers 
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FUNCTIONAL DIAGRAM 


NAME AND FUNCTION ; POLARITY 


Clock: The Clock input to the State and Output Registers. A Low-to-High transition on this Active-High 
line is necessary to update the contents of both registers. 


Logic Inputs: The 15 external inputs to the AND array used to program jump conditions Active-High/Low 
between machine states, as determined by a given logic sequence. 


Logic/Diagnostic Input: A 16th external logic input to the AND array, as above, when Active-High/Low 
exercised with standard TTL levels. When Ig is held at +10V, device outputs Fo_s5 reflect 

the contents of State Register bits Pg _5. The contents each Output Register remains 

unaltered. 


Logic/Diagnostic Outputs: Eight device outputs which normally reflect the contents of Active-High 
Output Register bits Qo - 7, when enabled. When lp is held at +10V, Fo_5 = (Po-—s5), and 
Fe, 7 = Logic “1”. 


Preset or Output Enable Input: A user programmable function: 


© Preset: Provides an Asynchronous Preset to logic “1” of all State and Output Register Active-High (H) 
bits. Preset overrides Clock, and when held High, clocking is inhibited and Fo_ 7 are High. 

Normal clocking resumes with the first full clock pulse following a High-to-Low clock 

transition, after Preset goes Low. 


¢ Output Enable: Provides an Output Enable function to all output buffers Fo _ 7 from the Active-Low (L) 
Output Register. 
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Programmable connection. 


All AND gate inputs with a blown link float to a logic “1”. 
2. All OR gate inputs with a blown fuse float to logic “0”. 


NOTES: 
3. 


1. 


LOGIC DIAGRAM 
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TRUTH TABLE 1; 2, 3, 4,5, 6 


(Qp)n 
(Qe)n 


H 
L 
L 


) 
Jere 


5 


NOTES: 
1. Positive Logic: 
S/R = To +74 +To+.. . +147 
Th = C(lo ly lo...) (Po Pa... Ps) 
. Either Preset (Active—High) or Output Enable (Active—Low) are available, but not both. 
The desired function is a user-programmable option. 
. Tt denotes transition from Low-to-High level. 
R=S 5 High is an illegal input condition. 
*=HorLor+10V. - 
. X= Don't Care (<5.5V). 


OnaAwW Ww 


ORDERING INFORMATION 


ORDER CODE 
PLS105N, PLS105AN 
PLS105A, PLS105AA 





elie wt 
[tour | 


lout 


NOTES: 
1. Stresses above those listed may cause malfunction or permanent damage to the device. This 


is a stress rating only. Functional operation at these or any other condition above those 
indicated in the operational and programming specification of the device is not implied. 
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LOGIC FUNCTION 
Typical State Transition: 
Q2. a1 Qo 


(sa) presen sae 


STATE REGISTER A-B-C-... 


SET Qo: So = (in Q1° My) -A° BC... 
Ro =0 
RESET Q4:S; =0 
‘ Ry =(Gg°Qy°)°A'B-C... 


_ HOLD Q2: S2 <0 
R2=0 





VIRGIN STATE 

The factory shipped virgin device contains all 

fusible links intact, such that: 

1. PR/OE option is set to PR. Thus, all outputs 
will be at “1", as preset by initial power-up 
procedure. 

. All transition terms are disabled (0). 

. AIl S/R flip-flop inputs are disabled (0). 

. The device can be clocked via a Test 
Array pre-programmed with a standard 
test pattern. 

NOTE: The Test Array pattern MUST be 
deleted before incorporating a user 
program. This is accomplished 
automatically by any Signetics qualified 
programming equipment. 


am WPM 


THERMAL RATINGS 


TEMPERATURE 
[stominion [°C 
7 


Allowable thermal rise 5°C 
ambient to junction 
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DC ELECTRICAL CHARACTERISTICS 
0°C < Tamb S +75°C, 4.75V < Voc $ 5.25V 


LIMITS 
SYMBOL PARAMETER TEST CONDITION | min | TYP! | MAX | " UNIT 


Input voltage? 


Vin i , Voc = MAX 2.0 Vv 
Vit Vec = MIN 0.8 Vv 
Vic Voc = MIN, lin = -12mA -0.8 -1.2 Vv 


Output voltage? 


eee ee lee 
Vou High4 lon = -2mA 2.4 V 
- Vor Lows lo. = 9.6mA 0.35 0.45 Vv 
td High Vin =5.5V <1 25 pA 
he Low , Vin = 0.45V —10 -100 pA 
lit Low (CK input) Vin = 0.45V -50 -250 pA 


Output current 


Voc = MAX 

lo(oFF) Hi-Z state® Vout = 5.5V 
Vout = 0.45V 

Short circuit? 7 Vour = OV 


Te esas at [ee 















































Capacitance® 
Ow Input pF 

Cour . Output pF 

NOTES: 

1. All typical values are at Voc = 5V, Tamb = +25°C. 

2. All voltage values are with respect to network ground terminal. 

3. Test one ata time. 

4. Measured with Vi, applied to OE and a logic high stored, or with Vi4 applied to PR. ; ; 

5. Measured with a programmed logic condition for which the output is at a low logic level, and Vj, applied to PR/OE Output sink current is 


supplied through a resistor to Voc. 

Measured with Vi applied to PR/OE. 

Duration of short circuit should not exceed 1 second. 

Icc is measured with the PR/OE input grounded, all other inputs at 4.5V and the outputs open. 


OND 
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a ELECTRICAL CHARACTERISTICS 
= 4700, Ro = 1k, Cy = 30pF, 0°C < Tam < +75°C, 4.75V < Voc < 5.25V 


[Ts 
SYMBOL PARAMETER ag me UNIT 
Paar Pe mac a 
sl I a is eg ee ee 


Pulse width 


Clock? High 25 15 20 15 
Clock Low 15 20 15 
Clock period 50 30 40 30 
Preset pulse 15 25 15 


Input 
Input 
Input 
Input (through Complement Array) 
Input (through Complement Array) 
Input (through Complement Array) 
Power-on preset 

Preset 


A 


Propagation delay 


‘Clock Output + 
Output enable* Output — 
Output disable* Output + 
Preset Output + 
Power-on preset Output + 






























Frequency of operation? 


fuaxC Without Complement Array 13.9 20.0 MHz 
fuaxC With Complement Array 9.8 12.5 MHz 
Te 
All typical values are at Voc = 5V, Tam = +25°C. 
To prevent spurious clocking, clock rise time (10% — 90%) < 30ns. 
See “Speed vs. OR Loading” diagrams. 
For 3-State output; output enable times are tested with C, = 30pF to the 1.5V level, and S, is open for high-impedance to High tests and 


closed for high-impedance to Low tests. Output disable times are tested with C, = 5pF. High-to-High impedance tests are made to an output 
voltage of V+ = (Voy — 0.5V) with S; open, and Low-to-High impedance tests are made to the V7 = (Vo, + 0.5V) level with S, closed. 





Pons 


TEST LOAD CIRCUIT VOLTAGE WAVEFORMS 


eq 5n ta tr 


ow — 


10% 
ae ee 5i 
MEASUREMENTS: 


All circuit delays are measured at the +1.5V level of 
inputs and outputs, unless otherwise specified. 


Input Pulses 


OUTPUTS 


NOTE: 
Cy and C2 are to bypass Vcc to GND. 
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TIMING DIAGRAMS 
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tCKH 
tcKP 


1.5V 


tcKO 
{MA 


1.5V 


a 


Sequential Mode 


Asynchronous Preset 


cK 


us 4H 


Power-On Preset 
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TIMING DEFINITIONS 
SYMBOL PARAMETER 
tcKH Width of input clock pulse. 


tcKL 













Interval between clock pulses. 


Minimum guaranteed Clock 
tcKp period. 


Required delay between 
tisa beginning of valid input and 
positive transition of clock. 


Required delay between 
beginning of valid input and 
positive transition of Clock, 
when using optional 
Complement Array (two 
passes necessary through the 
AND array). 





tise 


Required delay between Voc 
(after power-on) and negative 
transition of Clock preceding 
first reliable clock pulse. 











tvs 
















Required delay between 
negative transition of 
Asynchronous Preset and 
negative transition of Clock 
preceding first reliable clock 
pulse. 


tprs 






Required delay between 
positive transition of Clock 
and end of valid input data. 







Delay between positive 
transition of clock and when 
outputs become valid (with 

PR/OE Low). 


Delay between beginning of 
Output Enable Low and when 
outputs become valid. 









tcko 


o 








Delay between beginning of 
Output Enable High and 
when outputs are in the 
OFF-State. 


Delay between input Ig 
transition to Diagnostic mode 
and when the outputs reflect 
the contents of the State 

Register. 











tsRE 


Delay between input Ip 
transition to Logic mode and 
when the outputs reflect the 
contents of the Output 
Register. 


tsRD 









Delay between positive 
transition of Preset and when 
outputs become valid at “1”. 







Delay between Vcc (after 
power-on) and when outputs 
become preset at “1”. 


tery Width of preset input pulse. 


Minimum guaranteed 
operating frequency. 





fax 
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TIMING DIAGRAMS (Continued) 


INTERNAL __ 
STATE REG. 


Qp- 05 —— 


tcxo 


OL 
cE —— ov 


Diagnostic Mode 


SPEED VS. “OR” LOADING 


The maximum frequency at which the PLS 
can be clocked while operating in sequential 
mode is given by: 


(1/fwax) = tcy = tis + texo 


This frequency depends on the number of 
transition terms T, used. Having all 48 terms 
connected in the AND array does not appre- 
ciably impact performance; but the number 
of terms connected to each OR line affects 
tis, due to capacitive loading. The effect of 

’ this loading can be seenin Figure 1, showing 
the variation of tis; with the number of terms 
connected per OR. 


The PLS105 AC electrical characteristics 
contain three limits for the parameters tis1 
and tis2 (refer to Figure 1). The first, tisya is 
guaranteed for a device with 48 terms con- 
nected to any OR line. tis1gis guaranteed for 
a device with 32 terms connected to any OR 
line. And tisic is guranteed for a device with 
_ 24 terms conntected to any OR line. 


The three other entries in the AC table, tiso A, 
B, and C are corresponding 48, 32, and 24 
term limits when using the on-chip Comple- 
ment Array. 


The PLS105A AC electrical characteristics 
contain two limits for the parameters tig; and 
tiso (refer to Figure 2). The first, tigya is quar- 1G heen coe 

anteed for a device with 24 terms connected TERNS COMNECTEDIOR 
to any OR line. tisig is guaranteed for a de- 
vice with 16 terms connected to any OR line. 


16 24 #32 #40 48 
TERMS CONNECTED/OR 


Figure 1. PLS105 ts; vs. 
Terms/OR Connected 


Figure 2, PLS105A ts; vs. 
Terms/OR Connected 
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The two other entries in the AC table, tigo A 
and B are corresponding 24 and 16 term 
limits when using the on-chip Complement 
Array. 


The worst case of tis for a given application 
can be determined by identifying the OR line 
with the maximum number of T, connections. 
This can be done by referring to the intercon- 
nect pattern in the PLS logic diagram, typical- 
ly illustrated in Figure 3, or by counting the 
maximum number of “H” or“L” entries in one 
of the columns of the device Program Table. 


This number plotted on the curve in Figure 1 
or 2 will yield the worst case tig and, by impli- 
cation, the maximum clocking frequency for 
reliable operation. 


Note that for maximum speed all UNUSED 
transition terms should be disconnected from 
the OR array. 


TRANSITION TERMS T, 


OR 
(3) 
NOT 
USED 


Figure 3. Typical OR Array 
Interconnect Pattern 
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LOGIC PROGRAMMING PRESET/OE OPTION -— (P/E) 
The PLS1085/A is fully supported by industry 
standard (JEDEC compatible) PLD CAD 
tools, including Signetics' AMAZE, Data I/O 
Corporation's ABEL and Logical Devices 


; P=0 
Inc.'s CUPL design software packages. E=1 (PRESET 
(ALWAYS DISABLED) 
All packages allow Boolean and state — ENABLED) 
equation entry formats. ABEL and CUPL also 
accept, as input, schematic capture format. a 
PLS105/A logic designs can also be | preset’ =| on 





generated using the program table entry 
format detailed on the following pages. This PROGRAMMING: 


program table entry format is supported by The PLS105/A has a power-up preset feature. This feature insures that the device will power-up 
the Signetics AMAZE PLD design software in a known state with all register elements (State and Output Register) at logic High (H). When 
(PTP module). AMAZE is available free of programming the device it is important to realize this is the initial state of the device. You must 


charge to qualified users. provide a next state jump if you do not wish to use all Highs (H) as the present state. 
To implement the desired logic functions, the 

state of each logic variable from logic 

equations (I, B, O, P, etc.) is assigned a 

symbol. The symbols for TRUE, 

COMPLEMENT, INACTIVE, PRESET, etc., 

are defined below. 


“AND” ARRAY - (1), (P) 


“COMPLEMENT” ARRAY - (C) 


é t|—é 
c c 
Tn Th 


| ACTION | CODE _| 
| Generare | A 

NOTES: 

1. This is the initial unprogrammed state of all links. 


2. Any gate T, will be unconditionally inhibited if both the true and complement of any input (1 or P) are left intact. 
3. To prevent simultaneous Set and Reset flip-flop commands, this state is not allowed for N and F link pairs coupled to active gates T, (see 
4 





flip-flop truth tables). 
. To prevent oscillations, this state is not allowed for C link pairs coupled to active gates Ty. 
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PROGRAM TABLE ENTRIES 


PROGRAM TABLE 








CUSTOMER NAME 


INACTIVE 


INACTIVE 


PURCHASE ORDER # 


GENERATE 


A 


SIGNETICS DEVICE # CF (XXXX) 


CUSTOMER SYMBOLIZED PART # 
TOTAL NUMBER OF PARTS 


PROGRAM TABLE 


PROPAGATE 


TRANSPARENT! 





INACTIVE 








OPTION (P/E) 


- DON'T CARE 





ee CPt) delet Alte yoke 
CERERRSRE REE A SEE RARE Re Ea RARER RARER 
ee ECD EE EE CUE ESOT Tei ape a 
z 
me 1% 
ai 
ied 
Sse Te ope ee er Peer Vel Se tea Wer Oe | eel 
12 eee a PE ISL ste eT Tey eT es) 
SCP LACE VER CL CUE EE RICCO ELE EERE PEELE cio. = 
‘ 
Ste EE SS Pe psp Te A EPS TS eed te ote 
CELE LEE URES Te ee EP E Bree srter Ter 


NEXT STATE (Ns) 





d as (-) for maximum speed. 


& 


REMARKS 
| 
eee eal 
_ 
ise taht nn Te 
PT 
ie 
fo eer ee a 
pe | 
ie 8 
es 
ee 
= 
os | 
PT 
ee Pe 
pera st ott 57 eS 
PY 
fe 
oe ee 
[mee ee ee 
pe 
fe eee 
eee 
AS pone oe es | 
po 
[ate eo 
eS] 
et 
3 
pe 
Se 
_—— ee 
area A 
fe 
fe 
fee 
se tr 
po 
oe | 
do ee 
eee 
P| 
ae 
a 
ees 
pe oe 
ey 
ee 





CRESE EERE SOEEA DERE RARER RR RR RARER Ee Re ERR 
ee LTT Ea TOTS (ST PMO etc Miele de CARE ey WTS Te [he 
GEOR CCIE SIC Een PO CE EEL EES EEE aI 


PRESENT STATE (Ps) 
2 
| 
= 
= 
= 
| 
| 
| 
= 
= 
Ty 
es 
= 
| 
= 
| 
_ 
Yd 
= 
yy 
= 
| 
| 
[| 
|_| 
= 
| 
| 
Li 
Pe 
bal 
| 
Yd 
= 
mal 
Yt 
= 
| 
| 
oe] 
| | 
i 
= 
Ly 
YI 
= 
Yd 
| 
fs 





INPUT (Im) 
Unused Transition Terms can be left blank for future code modification, or programm 


shown BLANK instead for clarity. 
2. Unused Cy, Im, and Ps bits are normally programmed Don't Care (-). - 


3. 





1. The FPLS is shipped with all links initially intact. Thus, a background of “0” for all Terms, and an “H” for the P/E option, exists in the table, 


4. Letters in variable fields are used as identifiers by logic type programmers. 


nt y lo 
N ” + 


SWNVN 
ATSVIEVA 


NOTES: 
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TEST ARRAY 
The PLS105/A may be subjected to AC and 


DC parametric tests prior to programming i 


via an on-chip test array. 


(n+ Fr¥Fn 


The array consists of test transition terms 
48 and 49, factory programmed as shown 
below. 


Testing is accomplished by clocking the () 
PLS105/A and applying the proper input 
sequence to Ig —1;5 as shown in the test i 
circuit timing diagram. 


(In+Fr¥Fn 


State Diagram PLS Under Test 


OPTION (P/E) | H | 


INPUT (1m) PR TE (Ps) 
6 271 5 o. 


STITT 3 “ ESENT STA 

slalaj2lifofs]s]7 514 ofs)4]3fe2T1]0 1 
PHU HT HHT HT HTH HTH THR] H | PHTH THT RTHTH [HE | 
puufetete{e fe fefe pe ete fee pet ee fe | PH TH | 


Both terms 48 and 49 must be deleted 
during user programming to avoid interfering 
with the desired logic function. This is 
accomplished automatically by any 
Signetics’ qualified programming equipment. 


32 wwe ncnn peeee 
STATE f . e 
REGISTER e ; 
. a ee 


Test Circult Timing Diagram 


OPTION (P/E) [ H | 


OUTPUT (Fr) 


7TfeTsl4)]3fealiio 
-|-[-[-T-{-[- | 
-[-[-{-{-[-f-[-] 


Test Array Deleted 
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Document No.} 853-1351 


DESCRIPTION 

The PLUS105-45 is a bipolar 
programmable state machine of the 
Mealy type. Both the AND and the OR 
array are user-programmable. All 48 
AND gates are connected to the 16 
external dedicated inputs (Ip-I,5) and to 
the feedback paths of the 6 buried State 
Registers (Qpo-Qps). Because the OR 
array is programmable, any one or all of 
the 48 transition terms can be 
connected to any or all of the State and 
Output Registers. 






Date of Issue 









All state transition terms can include 
True, False and Don’t Care states of the 
controlling state variables. A 
Complement Transition Array supports 
complex IF-THEN-ELSE state 
transitions with a single product term. - 


All buried State and Output registers are 
edge-triggered clocked S-R flip-flops. 
Asynchronous Preset/Output Enable 
functions are available. 


The PLUS105-45 is pin-for-pin and 
software compatible with the Signetics 
PLS105 and PLS105A Logic 
Sequencers, as well as other 
commercially available 105-type 
programmable logic devices. 


To facilitate testing of state machine 
designs, diagnostic mode features for 
register preset and buried state register 
observability have been incorporated 
into the PLUS105—-45 device 
architecture. 


Ordering codes are listed in the 
Ordering Information Table. 


PLUS105-—45 


Programmable logic sequencer 


(16 x 48 x 8) 


FEATURES 
© 45MHz operating frequency 
— 55.6MHz clock rate 
— No OR term loading restrictions 


@ Available in 300mil skinny DIP, 
600mil-wide Plastic DIP and PLCC 
packages 


@ Pin and software compatible with 
other commerically available 105 logic 
sequencers 


© 16 input variables 

® 8 output functions 

® 48 transition terms 

® 6-bit State Register 

© 8-bit Output Register 

® Transition complement array 


@ Positive edge-triggered clocked S-R 
flip-flops 
© Security fuse 


© Programmable Asynchronous Preset 
or Output Enable 


© Power-on preset (to all ''1”s) of 
internal registers 


© Power dissipation: 800mW (typ.) 
©@ TTL compatible 

® Single +5V supply 

© 3-State outputs 


APPLICATIONS 
® Interface protocols 


@ Sequence detectors 
© Peripheral controllers 
© Timing generators 


© Sequential circuits 


350 


PIN CONFIGURATIONS 


N Packages 


N = Plastic DIP (600mil-wide) 
N3 = Plastic DIP (300mil-wide) 


A Package 
Is tg ty CLK Voclg Ig 


Fs Fa GND Fg Fo Fy Fo 


A = Plastic Leaded Chip Carrier 





@ Elevator controllers 

© Security Locking systems 
© Counters 

® Shift registers 
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FUNCTIONAL DIAGRAM 





PIN DESCRIPTION 


2-9, 26, 27 
20-22 


23 


May 9, 1990 


NAME AND FUNCTION 


Clock: The Clock input to the State and Output Registers. A Low-to-High transition on this line 
is necessary to update the contents of both registers. 


Logic Inputs: The 13 external inputs to the AND array used to program jump conditions 
between machine states, as determined by a given logic sequence. True and complement 
signals are generated via use of “H” and “L”. 


Loglic/Diagnostic Input: A 14th external logic input to the AND array, as above, when 
exercising standard TTL levels. When 1,2 is held at +10V, device outputs Fg - Fs reflect the 
contents of State Register bits Pp - Ps. The contents of each Output Register remains unaltered. 


Logic/Diagnostic Input: A 15th external logic input to the AND array, as above, when 
exercising standard TTL levels. When 1; is held at +10V, device outputs Fy - Fs become direct 
inputs for State Register bits Po - Ps; a Low-to-High transition on the clock line loads the values 
on pins Fg - Fs into the State Register bits Po - Ps. The contents of each Output Register 
remains unaltered. 


Logic/Diagnostic Input: A 16th external logic input to the AND array, as above, when 


exercising standard TTL levels. When Ij is held at +10V, device outputs Fy - F7 become direct 
inputs for Output Register bits Qo - Q7; a Low-to-High transition on the clock line loads the 
values on pins Fg - F7 into the Output Register bits Qo - Q7. The contents of each State Register 
remains unaltered. 


Logic Outputs/Diagnostic Outputs/Diagnostic Inputs: Eight device outputs which normally 
reflect the contents of Output Register bits Qg - Q7, when enabled. When |y2is held at +10V, Fo 
- Fs = (Po - Ps). When |,, is held at +10V, Fg - Fs become inputs to State Register bits Pg - Ps. 
When I19 is held at +10V, Fo - F7 become inputs to Output Register bits Qo - Q7. 


Preset or Output Enable Input: 
A user programmable function: 

© Preset: Provides an asynchronous preset to logic 1” of all State and Output Register bits. 
PR overrides Clock, and when held High, clocking is inhibited and Fo - F7 are High. Normal 
clocking resumes with the first full clock pulse following a High-to-Low clock transition, after the 
Preset signal goes low. See timing definitions. 

@ Output Enable: Provides an output enable function to buffers Fo - Fz from the Output 
Registers. 
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POLARITY 


Active- 
High (H) 


Active-High/ 
Low (H/L) 


Active-High/ 
Low (H/L) 


Active-High/ 
Low (H/L) 


Active-High/ 
Low (H/L) 
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TRUTH TABLE 1: 2; 3; 4,5, 6, 7 


n 


R 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
L 
H 
L 
H 
X 


oe a a er a a a ee en re a, 
x<)/xocmrceerKKM KK KK KKK KKK 


Kx] K K KK KK K 





NOTES: 
1. Positive Logic: 
S/R = To +71 +To +... T47 
Th = (Co) (lo, lh, lo, ee) (Po, Py, .-P5) J 
. Either Preset (Active-High) or Output Enable (Active-Low) are available, but not both. The desired function is a user-programmable option. 
denotes transition from Low-to-High level. 
*=HorLor+10V 
X = Don't Care (< 5.5V) 
. When using the F,, pins as inputs to the State and Output Registers in diagnostic mode, the F buffers are 3-Stated and the indicated levels 
on the output pins are forced by the user. 
. IND. = Indeterminent; R = S = H is an illegal input condition. 


N ON RON 


VIRGIN STATE 

A factory-shipped virgin device contains 

all fusible links intact, such that: 

1. PR/E option is set to PR. Note that 
even if the PR function is not used, 
all registers are preset to "1" by the 
power-up procedure. 


2. All transition terms are disabled (0). 
3. All S/R flip-flop inputs are disabled (0). 


4. The device can be clocked via a Test 
Array preprogrammed with a standard test 
pattern. NOTE: The Test Array pattern 
must be deleted before incorporating a 
user program. 
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LOGIC DIAGRAM 


AMAA 
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eee 
CTT eee 
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Te eee | 
020 A 9 8 8 0 Da a a ee el 
OMA SB 0 ae 0 8 NL ed 


= ae 
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Coad 
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eee Ee 
Pei EEE RT REET 


Seetcapadaaalstel ip dod iebooed 
EE EP Peer pi 


EEE EER EPS CEEP PER Pe BI 
Lccenpiatadpgiedivenddeasssbsiec-storiedchaeeenstnaictliderbdhioancsiacivedteestdoneed 


Scjeleapeidbesictnapen daca ated och ullaaedveibccal insu ees emabanied aside 
fe tied Pe 4 


eT TT 
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2 YOO OO 


PEED SHADY YPDVARY YD 
COOTER 


i 


47° ** 2% %4y 399% 22% 90 349% 2% 8 8 804g age Fh FFF F846 yEe ee FF eg 7Feeeeeeg 


All AND gate inputs with a blown link float to a logic “1”. 
Programmable connection. 


2. All OR gate inputs with a blown fuse float to logic “0”. 


NOTES: 
3. 


1. 
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COMPLEMENT ARRAY DETAIL 


PAT P46 P4580 Pi PO 


TO OR ARRAY 





ORDERING INFORMATION 
DESCRIPTION 


28-pin Plastic Dual-In-Line, 600mil-wide 


The complement array is a special sequencer 
feature that is often used for detecting illegal 
states. Itis also ideal for generating IF- 
THEN-ELSE logic statements with a mini- 
mum number of product terms. 


The concept is deceptively simple. If you 
subscribe to the theory that the expressions 
(/A* /B* /C) and (A+ 8 + C) are equivalent, 
you will begin to see the value of this single 
term NOR array. 


The complement array is a single OR gate 
with inputs from the AND array. The output of 
the complement array is inverted and fedback 
to the AND array (NOR function). The output 
of the array will be LOW if any one or more of 
the AND terms connected to it are active 
(HIGH). If, however, all the connected terms 
are inactive (LOW), which is a classic 
‘unknown state, the output of the complement 
array will be HIGH. 


ORDER CODE 
PLUS105—45N 







28-pin Plastic Dual-In-Line, 300mil-wide 





THERMAL RATINGS 


Maximum junction 


Maximum ambient - 


Allowable thermal rise ambient to junction 





ABSOLUTE MAXIMUM RATINGS" 


Input voltage 


28-pin Plastic Leaded Chip Carrier, 450mil-square 


TEMPERATURE 











PLUS105-45N3 


PLUS105-45A 








150°C 


Consider the product terms A, B and D that 
represent defined states. They are also 
connected to the input of the complement 
array. When the condition (not A and not B 
and not D) exists, the Complement Array will 
detect this and propagate an Active-High 
signal to the AND array. This signal can be 
connected to product term E, which could be 
used in turn to preset the state machine to a 
known state. Without the complement array, 
one would have to generate product terms for 
all unknown or illegal states. With very 
complex state machines, this approach can 
be prohibitive, both in terms of time and 
wasted resources. 


Note that use of the Complement Array adds 
an additional delay path through the device. 
Refer to the AC Electrical Characteristics for 
details. - 


LOGIC FUNCTION 


Typical State Transition: 


Q2 Q1 Qo 


STATE REGISTER 


SET Qo: Sp = (GQ + Qy * Ty) ABC... 
Ro =0 
RESET Q1:S,=0 
Ry = (Gn Q4° Gh) ABC... 


HOLD Q2:S2=0 
R2=0 


PRESENT STATE 
K-B°c-... 





Output voltage 


Input currents 
Output currents 





NOTE: . 

1. Stresses above those listed may cause malfunction or permanent damage to the device. This 
is a stress rating only. Functional operation at these or any other condition above those 
indicated in the operational and programming specification of the device is not implied. 
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DC ELECTRICAL CHARACTERISTICS 
0°C < Tam S 75°C, 4.75V S Veg $ §.25V 


LIMITS 
SYMBOL PARAMETER TEST CONDITION Pe eee UNIT 


Input voltage? 


Voc = MAX 
Voc = MIN 
Voc = MIN, lin =-12mA 


Output voltage” 
Voc = MIN 
low = -2mA 
lo, =9.6mA 


Voc = MAX 
Vin = Veo 
Vin = 0.45V 
Output current 

Veo = MAX 

lO(oFF) Hi-Z state Vout = 2.7V 
Vout = 0.45V 

Short circuit: 4 Vout = OV 


ee 


Capacitance 
pF 
pF 





1. All typical values are at Voc = 5V, To = +25°C. 

2. All voltage values are with respect to network ground terminal. 

3. Test one ata time. 

4. Duration of short circuit should not exceed 1 second. 

5. loc is measured with the PR/OE input grounded, all other inputs at 4.5V and the outputs open. 
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AC ELECTRICAL CHARACTERISTICS 


R; = 4709, Ro = 1kQ, C, = 30PF, 0° < Tan $ +75°C, 4.75V < Veg $5.25V 


p LIMITS 


Clock High 
Clock Low 
Clock Period 
Preset pulse 
Setup Time 
Input 
Input (through Complement Array) 
Power-on preset 
Clock resume (after preset) 


Clock lockout (before preset) 


Hold Time 


ie | | te ee eS 


Diagnostic Mode 


trus Initialization of diagnostic mode Iyo or {14 + (to 8V) 
truH ‘| Clock for diagnostic mode CK + 


Propagation Delay? 
Clock 
- Output enable? 
Output disable2 
Preset 
Power-on preset 
Frequency of Operation 


Without 1 Rae 
Complement Array tist +toxo nput + 


With 1 
Complement Array tise + toxo 


internal feedback ( 1 


Input 
thru Complement 
Array + 


without Complement 
Array 


—_—_—_—— Register Output + 
text + tcxH 


Register Output 
thru Complement 


Array + 


Internal feedback 1 
with Complement Array | tig> 


Clock frequency CK + 


NOTES: 
1. All typical values are at Voc = 5V, Tarp = +25°C. 


PLUS105~45 


UNIT: 


9 8 
9 8 
18 16 
10 8 


12 


F, as inputs 


50 
50 


8 9 
8 9 
8 9 
12 15 
0 10 


Register input jam 
Output + 
Output — 
Output + 


Output + 
Output + 


Output + 


Output + 


Register Input + 


Register Input + 


CK + 





2. For 3-State output; output enable times are tested with C, = 30pF to the 1.5V level, and S, is open for high-impedance to High tests and 
closed for high-impedance to Low tests. Output disable times are tested with C_ = 5pF. High-to-High impedance tests are made to an output 


voltage of V7 = (Voy — 0.5V) with S; open, and Low-to-High impedance tests are made to the Vy = 


(VoL + 0.5V) level with S; closed. 


3. All propagation delays and setup times are meausred and specified under worst case conditions. 
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TIMING DIAGRAMS 


toe 
Sequential Mode 


tPRH 


Asynchronous Preset 


us 





Power-On Preset 
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TIMING DIAGRAMS (Continued) 


(3°) WLLL) i 


Diagnostic Mode—Output Register Input Jam 


( 88) LLL. 


Diagnostic Mode—State Register Input Jam 


Crp : - 
ov 
+3V 


CLK 
ov 


INTERNAL ____ ‘cKH 
STATE REG. 4 


(Ns) 


Q9-Q5 —— — na ann rr VL 


tsRE tsRD 
wate | me | XK aK 


‘cKo 


Diagnostic Mode—State Register Outputs 





May 9, 1990 358 


Philips Components—Signetics Programmable Logic Devices 


Product Specification 





Programmable logic sequencer 


(16 x 48 x 8) 


PLUS105—45 





TIMING DEFINITIONS 


SYMBOL PARAMETER 


Required delay between 
positive transition of Clock and 
end of valid Input data. 
















Required delay between 
beginning of valid input and 
positive transition of Clock. 









Required delay between 
beginning of valid Input and 
positive transition of Clock, 
when using optional 
Complement Array (two 
passes necessary through the 
AND Array). 


Width of input clock pulse 
tok. | Interval between clock pulses. 


Delay between positive 
transition of Clock and when 
Outputs become valid (with 





















Required delay between the 
negative transition of the clock 
and the negative transition of 
the Asynchronous PRESET to 
guarantee that the clock edge 
is not detected as a valid 
negative transition. 


NOTE: 
C1 and Co are to bypass Voc to GND. 


LOGIC PROGRAMMING 

PLUS 105-45 is fully supported by industry 
standard (JEDEC compatible) PLD CAD 
tools, including Signetics’ SLICE and SNAP 
design software packages. Signetics’ AMAZE 
design software may also be used to compile 
PLUS105 designs, however, the timing 
simulator does not reflect the actual 
performance of the device. ABEL™, CUPL™ 


ABEL 5s a trademark of Data VO Com. 
CUPL is a trademark of Logical Devices, Inc. 
PALASM Is a registered trademark of AMD Corp. 
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SYMBOL PARAMETER 


Delay between beginning of 
Output Enable High and when 
Outputs are in the OFF-state. 


Delay between beginning of 
Output Enable Low and when 
Outputs become valid. 


Delay between Vcc (after 
power-on) and when Outputs 
become preset at “1”. 


Delay between positive 
transition of Preset and when 
Outputs become valid at “1”. 


tpRH Width of preset input pulse. 


Required delay between 
negative transition of 
Asynchronous Preset and the 
first positive transition of 
Clock. 


try Required delay between 
positive transition of clock and 
the end of valid input data (Fo 
— F7 as inputs), when jamming 
data into the State or Output 
registers in the Diagnostic 
Mode. 








and PALASM® 90 design software packages 
also support the PLUS105-45 architecture. 


All packages allow Boolean and state 
equation entry formats. SNAP, ABEL and 
CUPL also accept, as input, schematic 
capture format. 


PLUS105-45 logic designs can also be 
generated using the program table entry 
format, which is detailed on the following 
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SYMBOL PARAMETER 


Required delay between 
positive transition of clock and 
return of input Iq or 144 from 

Diagnostic Mode (8V). 
























Required delay between 
inputs ly or 14, transition to 
Diagnostic Mode (8V), and 
when the output pins become 
available as inputs. 






Delay between input (I;2) 
transition to Logic mode and 
when the Outputs reflect the 
contents of the Output 

Register. 















Delay between input 112 
transition to Diagnostic Mode 
and when the Outputs reflect 
the contents of the State 

Register. 






Required delay between Vcc 
(after power-on) and negative 
transition of Clock preceding 

first reliable clock pulse. 







Minimum guaranteed clock 
frequency (register toggle 
frequency) 


ow — 


10% 
2.5n6 2.5n6 


MEASUREMENTS: 
All circuit delays are measured at the +1.5V level of 
inputs and outputs, unless otherwise specified. 


Input Pulses 


pages. This program table entry format is 
supported by AMAZE and SLICE only. Both 
AMAZE and SLICE design packages are 
available, free of charge, to qualified users. 


To implement the desired logic functions, the 
State of each logic variable from logic 
equations (I, B, O, P, etc.) is assigned a 
symbol. The symbols for TRUE, 
COMPLEMENT, INACTIVE, PRESET, etc., 
are defined below. 
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PRESET/OE OPTION ~ (P/E) 


PRIDE 





E P=0 
s (PRESET 


(ALWAYS DISABLED’ 
— ENABLED) ) 


PRESET! 


PROGRAMMING THE PLUS105—45: 

The PLUS105-45 has a power-up preset feature. This feature insures that the device will power-: 
up ina known state with all register elements (State and Output Register) at logic High (H). When 
programming the device it is important to realize this is the initial state of the device. You must 
provide a next state jump if you do not wish to use all Highs (H) as the present state. 


“AND” ARRAY ~ (1), (P) 


Th 


[__stare__|_ cove 
[powrcane | - | 


c 
c ¢ c 
Tn Th Ta 


RenON | cone RETIN [cone 
INACTIVE) 4 GENERATE PROPAGATE | © | TRANSPARENT | ~ _| 


NOTES: 

1. This is the initial unprogrammed state of all link pairs. It is normally associated with all unused (inactive) AND gates Tp. 

2. Any gate T,, will be unconditionally inhibited if both the true and complement fuses of any input (1,P) are left intact. 

3. To prevent simultaneous Set and Reset flip-flop commands, this state is not allowed for N and F link pairs coupled to active gates T, (see 
flip-flop truth tables). a 

4. To prevent oscillations, this state is not allowed for C link pairs coupled to active gates Tp. 
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PLUS105 PROGRAM TABLE 














PROGRAM TABLE ENTRIES 
INACTIVE 


CUSTOMER NAME 
PURCHASE ORDER # 


GENERATE 


CF (XXXX) 


CUSTOMER SYMBOLIZED PART # 
TOTAL NUMBER OF PARTS 


SIGNETICS DEVICE # 
PROGRAM TABLE 


PROPAGATE 





TRANSPARENT 


INACTIVE 














DON'T CARE 


INPUT (Im) PRESENT STATE (Pg) 
- 7 os 











REV 
DATE 


SCCCCECCE Eee Ce 
E tf ef 
uw 
~~ 
- 
> 
a 
E 
> 
ai [3 SECC Eee 
~ 
ze) IIT TTT TTT TTT TT TTT TT eee 
3 
is 
2 POWER ECE ACE GE eS Pe EERE SE . iE 2a] 
0 


“214 
aoe 
yd 
ft] 
te 
pea 
| | 
=e 
as 
i 
| | 
a 
a 
| | 
{yd 
= 


REMARKS 






CECT 


SPO IEE ele eleL VIED Pa el ie) iL Dela IS EL eg eel be 
ESTEE ERSTE TIES STEIST Ve ICIS Peo ett steve ey 
re ST Tete Teese GLE TAD CTT Pee TTS Tene] ies [3 


514 
pt 
| 
= 
| tT 
ih 
| 
|| 
| 
td 
Pt 
mn 
| | 
ma 
fe | 
Yt 
i] 
| 
Pf 
| | 
Py 
|| 
i 
| | 
oa 
pt 
a ae 
ee 
py 
pa 
HA 
| | 
= a 
p= 
|| 
ah 
ah 
| 
aa 
ested 
P| 
ee fe] 
oe | 
Y | 
| | 
| | | 
im 




















o 
.5E 

sa 
eLEECEEEEEEE REET EERE Eee COCO Cgs 
TET PEEP CCEP Ee Be 
re CEPEPPPEECEEELEEeeeee PELL LEE ZEg 
CPL ELLLER EEL LLEPCLEL CEL LCce mL eLee Ehities—:.,. ge 
Si snene ELE Cer shee Ren CELE Peb een irk sh. | 3 oP 
‘f COLEELELTPPEE ELE LEE ESS 
2 ref 52 o 
= PS g 
2 
CTT ed BSS 
“A TCHT PPP LL CEPT EE EE LL LLL VELL LE 1d ee 
se ee 
TCC ep) B88 ie 
BCT re Bae 
ral | B8ee3 
SE TEEEEEEE MET LEP ELE TEP EEeTLMTEEe EE it] Hee 
COCOA) 28 
COCO Be 8 
PCCCEPCECe eee | seagcs 
POCCECEEEE EEE EEE awn |G@oe282 
a 
siteftelfelielseteeeleeetelaesalalelsalalalclsalaatsalaaalslactels|©=| stevia [5h #2 
ar N + 








The device is shipped with all links initially intact. Thus, a background of “0” for all Terms, and an “H” for the P/E option, exists in the table, 


3. Unused Transition Terms can be left blank for future code modification, or programmed as (-) for maximum speed. 
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DESCRIPTION 

The PLUS105-55 is a bipolar 
programmable state machine of the 
Mealy type. Both the AND and the OR 
array are user-programmable. All 48 
AND gates are connected to the 16 
external dedicated inputs (l0 - 115) and 
to the feedback paths of the 6 buried 
State Registers (Qpo-Qps). Because the 
OR array is programmable, any one or 
all of the 48 transition terms can be 
connected to any or all of the State and 
Output Registers. 











Date of Issue 


All state transition terms can include 
True, False and Don’t Care states of the 
controlling state variables. A 
Complement Transition Array supports 
complex IF-THEN-ELSE state 
transitions with a single product term. 


All buried State and Output registers are 
edge-triggered clocked S-R flip-flops. 
Asynchronous Preset/Output Enable 
functions are available. 


The PLUS105-55 is pin-for-pin and 
software compatible with Signetics 
PLS105 and PLS105A Logic 
Sequencers, as well as other 
commercially available 105-type 
programmable logic devices. 


To facilitate testing of state machine 
designs, diagnostic mode features for 
register preset and buried state register 
observability have been incorporated 
into the PLUS105-—55 device 
architecture. 


Ordering codes are listed in the 
Ordering Information Table. 


PLUS105-—55 


Programmable logic sequencer 


(16 x 48 x 8) 


FEATURES 
@ S5SMHz operating frequency 


— 71.4MHz clock rate 
— No OR term loading restrictions 


@ Available in 300mil skinny DIP, 
600mil-wide DIP, and PLCC packages 


@ Pin and software compatible with 
other commerically available 105 
sequencers 


© 16 input variables 

© 8 output functions 

e 48 transition terms 

© 6-bit State Register 

® 8-bit Output Register 

® Transition complement array 


e Positive edge-triggered clocked S-R 
flip-flops 


® Security fuse 


Programmable Asynchronous Preset 
or Output Enable 


© Power-on preset to (all “1”s) of 
internal registers 


e Power dissipation: 800mW (typ.) 
e TTL compatible 

@ Single +5V supply 

@ 3-State outputs 


APPLICATIONS 
@ Interface protocols 


e Sequence detectors 
@ Peripheral controllers 
© Timing generators 


@ Sequential circuits 


363 


PIN CONFIGURATIONS 
N Packages 


N = Plastic DIP (600mil-wide) 
N3 = Plastic DIP (300mil-wide)} 


A Package 
Is 16 17 CLK Voc ls t9 


F5 F4 GND F3 F2 F1 FO 
A = Plastic Leaded Chip Carrier 





e Elevator controllers 


~ @ Security Locking systems 


e Counters 
¢ Shift registers 
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FUNCTIONAL DIAGRAM 





PIN DESCRIPTION 


| PINNO. | SYMBOL NAME AND FUNCTION POLARITY 


CLK Clock: The Clock input to the State and Output Registers. A Low-to-High transition on this Active- 
line is necessary to update the contents of both registers. High (H) 


2-9, 26,27 | . 10-19, Logic Inputs: The 13 external inputs to the AND array used to program jump conditions Active-High/ 
20-22 13-115 between machine states, as determined by a given logic sequence. True and complement . Low (H/L) 
signals are generated via use of “H” and “L”. 


23 12 Logic/Diagnostic Input: A 14th external logic input to the AND array, as above, when Active-High/ 
exercising standard TTL levels. When 112 is held at +10V, device outputs FO - F5 reflect the Low (H/L) 
contents of State Register bits PO - P5. The contents of each Output Register remains 
unaltered. 


Logic/Diagnostic Input: A 15th external logic input to the AND array, as above, when exer- | Active-High/ 
cising standard TTL levels. When 111 is held at +10V, device outputs FO - F5 become direct Low (H/L) 
inputs for State Register bits PO - P5; a Low-to-High transition on the clock line loads the 

values on pins FO - F5 into the State Register bits PO - P5. The contents of each Output 

Register remains unaltered. 


Logic/Diagnostic Input: A 16th external logic input to the AND array, as above, when Active-High/ 
exercising standard TTL levels. When 110 is held at +10V, device outputs FO - F7 become Low (H/L) 
direct inputs for Output Register bits QO - Q7; a Low-to-High transition on the clock line loads 

the values on pins FO - F7 into the Output Register bits QO - Q7. The contents of each State 

Register remains unaltered. 


Logic Outputs/Diagnostic Outputs/Diagnostic Inputs: Eight device outputs which Active- 
normally reflect the contents of Output Register bits QO - Q7, when enabled. When I12is High (H) 
held at +10V, FO - FS = (PO - P5). When 111 is held at +10V, FO - F5 become inputs to State 

Register bits PO - P5. When 110 is held at +10V, FO - F7 become inputs to Output Register 

bits QO - Q7. 


Preset or Output Enable Input: 
A user programmable function: 


© Preset: Provides an asynchronous preset to logic “1” of all State and Output Register 
bits. PR overrides Clock, and when held High, clocking is inhibited and FO - F7 are High. 
Normal clocking resumes with the first full clock pulse following a High-to-Low clock 
transition, after the Preset signal goes Low. See timing definitions. 


e Output Enable: Provides an output enable function to buffers FO - F7 from the Output 
Registers. 
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TRUTH TABLE 1:2 3, 4,5, 6, 7 





on 











+5V 


x K~ KK KKM KK 





x|ra7 RD K KOR R DKK KIO NOx 
x|x merexKxXxx xX xX xX KKM MK KK OK 
x{/©XrrueKxXxxXx x KKK KKK KK K KID 


E 
* 
Se 
< 
x 
| 
= 





NOTES: 
1. Positive Logic: 
S/R = To +Ty +T2 +... Tag 
Th = (Co) (Io, by, bo, ...) (Po, Py; Ps) 
. Either Preset (Active-High) or Output Enable (Active-Low) are available, but not both. The desired function is a user-programmable option. 
denotes transition from Low-to-High level. 
*=sHorLor+10V 
. X= Don't Care (< 5.5V) ; ; 
. When using the F, pins as inputs to the State and Output Registers in diagnostic mode, the F buffers are 3-Stated and the indicated levels 
on the output pins are forced by the user. 
. IND. = Indeterminent; R = S = H is an illegal input condition. 


N OM ROD 


VIRGIN STATE 
A factory-shipped virgin device contains all 
fusible links intact, such that: , 
1. PR/OE option is set to PR. Note that 
even if the PR function is not used, 
all registers are preset to “1” by the 
power-up procedure. 


2. All transition terms are disabled (0). 
3. All S/R flip-flop inputs are disabled (0). 
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LOGIC DIAGRAM 


e 
2 





2 bee PEPE 
Coeeeeee tt 


EE EP EEE PE EEE 
S mchissbuanl 


ef TTT 
PO ee eer 


eT PTT 


aoa: jie a ide cs 


47° **% * * %49 gore 8 8 © 949 94°28 © © 8 Og 998 8 OHO ong get tee ee g 7 eee een g 


2. All OR gate inputs with a blown fuse float to logic “0”. 
Programmable connection. 


1. All AND gate inputs with a blown link float to a logic “1”. 
3. & 4 


NOTES: 
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The complement array is a special sequencer 
feature that is often used for detecting illegal 
states. Itis also ideal for generating IF- 
THEN-ELSE logic statements with a mini- 
mum number of product terms. 


COMPLEMENT ARRAY DETAIL 








The concept is deceptively simple. If you 
subscribe to the theory that the expressions 
(/A* /B * /C) and (A +8 + C) are equivalent, 
you will begin to see the value of this single 
term NOR array. 


The complement array is a single OR gate 
with inputs from the AND array. The output of 
the complement array is inverted and fedback 
to the AND array (NOR function). The output 
of the array will be LOW if any one or more of 
the AND terms connected to it are active 
(HIGH). If, however, all the connected terms 
are inactive (LOW), which is a classic 
unknown state, the output of the complement 
array will be HIGH. 


te 


TO OR ARRAY 


ORDERING INFORMATION 
DESCRIPTION 
28-pin Plastic Dual-In-Line, 600mil-wide 


ORDER CODE 


28-pin Plastic Dual-In-Line, 300mil-wide 
28-pin Plastic Leaded Chip Carrier, 450mil-square 





PLUS105-55A 


THERMAL RATINGS 


TEMPERATURE 


Maximum junction 


Maximum ambient 


Allowable thermal rise ambient to junction 





ABSOLUTE MAXIMUM RATINGS! 


SYMBOL PARAMETER 


= 
in | mpuvetage ———SSS*dCCid 
[our ovputvotss Sd id oe 
ae 
a 
Poe 
se 


RATINGS 












a 


NOTE: 

1. Stresses above those listed may cause malfunction or permanent damage to the device. This 
is a stress rating only. Functional operation at these or any other condition above those 
indicated in the operational and programming specification of the device is not implied. 
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Consider the product terms A, B and D that 
represent defined states. They are also 
connected to the input of the complement 
array. When the condition (not A and not B 
and not D) exists, the Complement Array will 
detect this and propagate an Active-High 
signal to the AND array. This signal can be 
connected to product term E, which could be 
used in turn to preset the state machine toa 
known state. Without the complement array, 
one would have to generate product terms for 
all unknown or illegal states. With very 
complex state machines, this approach can 
be prohibitive, both in terms of time and 
wasted resources. 


Note that use of the Complement Array adds 
an additional delay path through the device. 
Refer to the AC Electrical Characteristics for 
details. 


LOGIC FUNCTION 


Typical State Transition: 


(=) PRESENT STATE 
A-B-c:... 
+1) _ NEXT STATE 


Q2 Qi QO 


STATE REGISTER 


SET Qo: Sp = (Gi ° Q4 + Up) ° ABC... 
Ro =0 
RESET Q:S;=0 
Ry =(G2° Qy°G)° ABC... 


" HOLD Qa: $2 =0 
R2=0 





Philips Components—Signetics Programmable Logic Devices : Product Specification 





Programmable logic sequencer 


(16 x 48 x 8) PLUS105—55 





DC ELECTRICAL CHARACTERISTICS 
0°C < Tarp S 75°C, 4.75V S Veg $5.25V 


LIMITS 
SYMBOL PARAMETER TEST CONDITIONS | MIN | TYP! | MAX | UNIT 


Input oe 

Vin Voc = MAX V 
Vi Voc = MIN Vv 
Vic Voc = MIN, ly =—12mA V 
Output voltage? 


Voc = MIN 
Vou High low =-2mA 
Vot Low lor = 9.6mA 


Input current 


hy High 
lit Low 


Output current 















































Veco = MAX 

lo(oFF) Hi-Z state Vout = 2.7V 
Vout = 0.45V 

los Short circuit: 4 Vout = OV 


a 


Capacitance 
pF 
pF 





1. All typical values are at Voc = 5V, Tamb = +25°C. 

2. All voltage values are with respect to network ground terminal. 

3. Test one ata time. 

4. Duration of short circuit should not exceed 1 second. 

5. Ic¢ is measured with the PR/OE input grounded, all other inputs at 4.5V and the outputs open. 
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od ELECTRICAL CHARACTERISTICS 
= 4709, Ro = 1KQ, Cy = 30pF, 0°C < Tam S$ +75°C, 4.75V < Voc $5.25V 


| uiMITS 
fom] oumerer | new |e Pee Pm] 
Pulse Width 
CK + CK- 7 6.5 
CK—- CK + 7 6.5 
CK+ CK + 14 13 
PR+ PR- 10 8.0 
CK + 
CK + 18.0 
CK- 
CK-— 
PR- 10.0 
Hold Time 


ptf moe Ke ttt fo Ps 


Diagnostic Mode 


trys Initialization of diagnostic mode 110 or 111 + (to 8V) F,, as inputs 50 25 ns 
truH Clock for diagnostic mode CK + Register input jam 50 25 ns 


Propagation Delay? 
7 8 
6 8 
6 8 
12 15 
5 10 














Clock High 
Clock Low 
Clock Period 










Preset pulse 










Setup Time 








Input 







Input (through Complement Array) 


Power-on preset 






Clock resume (after preset) 






Clock lockout (before preset) 


























Clock Output + 













Output enable? Output — 
Output disable? Output + 
Preset Output + 












Power-on preset Output + 





Frequency of Operation 















Input + Output + 









Without 1 
Complement Array tis: + toxo 











With 1 fe epee 
— ee 4. 
Complement Array fe *tcxo mu hee Output + 


















Internal feedback 1 
without Complement —— Register Output + Register Input + 
Array tekt + tokH 
internal feedback 1 Register Output ‘ 

; — thru Complement Register Input + 
with Complement Array (] Array + 9 Ae 






Clock period CK+ CK +" 





NOTES: 

1. All typical values are at Voc = 5V, Tanp = +25°C. 

2. All propagation delays and setup times are meausred and specified under worst case conditions. 

3. For 3-State output; output enable times are tested with C, = 30pF to the 1.5V level, and S, is open for high-impedance to High tests and 
closed for high-impedance to Low tests. Output disable times are tested with C, = 5pF. High-to-High impedance tests are made to an output 
voltage of Vr = (Voy — 0.5V) with S; open, and Low-to-High impedance tests are made to the Vr = (Vo; + 0.5V) level with S; closed. 
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TIMING DIAGRAMS 


toe 


Sequential Mode 


'PRH 


Asynchronous Preset 


tis 


Power-On Preset 
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TIMING DIAGRAMS (Continued) 
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(siz8") WMI . 


Diagnostlc Mode—Output Register Input Jam 


LLLLLLL 


(tat ) WLLL 


‘CKO 


Diagnostic Mode—State Register Input Jam 


o-111, 
13-115 


CLK 


INTERNAL __ 
STATE REG. 


Q0- 05 «== 


Le [se is CTESD Ks 


VoL 
tcKo 


Diagnostic Mode—State Register Outputs 
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TIMING DEFINITIONS 


SYMBOL PARAMETER : 
ty 


Required delay between 
positive transition of Clock and 
end of valid Input data. 


















Required delay between 
beginning of valid input and 
positive transition of Clock. 











Required delay between 
beginning of valid Input and 
positive transition of Clock, 
when using optional 
Complement Array (two 
passes necessary through the 
AND Array). 


Interval between clock pulses. 


tcxo Delay between positive 
transition of Clock and when> 
Outputs become valid (with 

PR/OE Low). 




















Required delay between the 
negative transition of the clock 
and the negative transition of 
the Asynchronous PRESET to 
guarantee that the clock edge 
is not detected as a valid 
negative transition. 


NOTE: 
Cy and Co are to bypass Voc to GND. 


LOGIC PROGRAMMING 
PLUS105-55 is fully supported by industry 
standard (JEDEC compatible) PLD CAD 
tools, including Signetics’' SLICE and SNAP 
design software packages. Signetics’ AMAZE 
design software may also be used to compile 
PLUS105 designs, however, the timing 
simulator does not reflect the actual 
performance of the device. ABEL™, CUPL™ 


ABEL is a trademark of Data VO Com. 
CUPL Is a trademark of Logical Devices, Inc. 
PALASM is a registered trademark of AMD Comp. 
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SYMBOL PARAMETER 


Delay between beginning of 
Output Enable High and when 
Outputs are in the OFF-state. 
























Delay between beginning of 
Output Enable Low and when 
Outputs become valid. 





Delay between Vcc (after 
power-on) and when Outputs 
become preset at 1”. 





Delay between positive 
transition of Preset and when 
Outputs become valid at “1”. 


Width of preset input pulse. 


Required delay between 
negative transition of 
Asynchronous Preset and the 
first positive transition of 
Clock. 


Required delay between 
positive transition of clock and 
the end of valid input data (Fo 
~ F7 as inputs), when jamming 
data into the State or Output 
registers in the Diagnostic 
Mode. 








and PALASM@ 90 design software packages 


also support the PLUS105-55 architecture. 


All packages allow Boolean and state 
equation entry formats. SNAP, ABEL and 
CUPL also accept, as input, schematic 
capture format. 


PLUS105-55 logic designs can also be 
generated using the program table entry 


_ format, which is detailed on the following 
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SYMBOL PARAMETER 


Required delay between 
positive transition of clock and 
return of input lyo or 14; from 
Diagnostic Mode (8V). 


Required delay between 
inputs 149 or 14; transition to 
Diagnostic Mode (8V), and 
when the output pins become 
available as inputs. 


Delay between input (I;2) 
transition to Logic mode and 
when the Outputs reflect the 
contents of the Output 
Register. 


Delay between input lo 
transition to Diagnostic Mode 
and when the Outputs reflect 
the contents of the State 
Register. 


Required delay between Vcc 
(after power-on) and negative 
transition of Clock preceding 
first reliable clock pulse. 


Minimum guaranteed clock 
frequency (register toggle 
frequency) 





w—-— 


10% 
2.5n8 2.508 


MEASUREMENTS: 
All circuit delays are measured at the +1.5V level of 
inputs and outputs, unless otherwise specified. 


Input Pulses 





pages. This program table entry format is 
supported by AMAZE and SLICE only. Both 
AMAZE and SLICE design packages are 
available, free of charge, to qualified users. 


To implement the desired logic functions, the 
state of each logic variable from logic 
equations (I, B, O, P, etc.) is assigned a 
symbol. The symbols for TRUE, 
COMPLEMENT, INACTIVE, PRESET, etc., 
are defined below. 
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PRESET/OE OPTION - (P/E) 


PRICE 
es (PRESET 
{ALWAYS ISABLED 
= ENABLED) 1 ) 


PRESET! 


PROGRAMMING THE PLUS105-55: 

The PLUS105-55 has a power-up preset feature. This feature insures that the device will power- 
up ina known state with all register elements (State and Output Register) at logic High (H). When 
programming the device it is important to realize this is the initial state of the device. You must 
provide a next state jump if you do not wish to use all Highs (H) as the present state. 





“AND” ARRAY - (I), (P) 


i, Pp 
,P 
i, P 
Th 


a 
[iwacves? [| 0 | 


“OR” ARRAY - (N), (F) 


Th 
wid 
mt ) > 


INACTIVE? 3 





“COMPLEMENT” ARRAY - (C) 


= e 
c c 
T, Tn 


a 


[xeon] [cone] [_xerion —]€00e 
Fae 4 





INACTIVE! 4 GENERATE TRANSPARENT | - | 


NOTES: 

1. This is the initial unprogrammed state of all link pairs. It is normally associated with all unused (inactive) AND gates T,. 

2. Any gate Ty will be unconditionally inhibited if both the true and complement fuses of any input (1,P) are left intact. 

3. To prevent simultaneous Set and Reset flip-flop commands, this state is not allowed for N and F link pairs coupled to active gates T, (see 
flip-flop truth tables). . 

4. To prevent oscillations, this state is not allowed for C link pairs coupled to active gates Tp. 
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PLUS105 PROGRAM TABLE 


PROGRAM TABLE ENTRIES 


CUSTOMER NAME 


PURCHASE ORDER # 


A 
e 


GENERATE . 


SIGNETICS DEVICE # CF (XXXxX) 


CUSTOMER SYMBOLIZED PART # 
TOTAL NUMBER OF PARTS 


PROGRAM TABLE 


PROPAGATE 


TRANSPARENT. 


INACTIVE 


DON'T CARE 


OPTION (P/E) 


OUTPUT (Fr) 


NEXT STATE (Ns) 


REMARKS 


o 
= 
2 
x 
o 
Be 
a! 
ww 
re 
a 


~ 
N 





AWYN 
ATSVINVA 


NOTES: 


1. The device is shipped with all links initially intact. Thus, a background of “0” for all Terms, and an “H” for the P/E option, exists in the table, 


shown BLANK instead for clarity. 
2. Unused Cp, Im, and P, bits are normally programmed Don't Care (-). 


3. Unused Transition Terms can be left blank for future code modification, or programmed as (—) for maximum speed. 


4. Letters in variable fields are used as identifiers by logic type programmers. 
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DESCRIPTION 

The PLUS405 devices are bipolar, 
programmable state machines of the Mealy 
type. Both the AND and the OR array are 
user-programmable. All 64 AND gates are 
connected to the 16 external dedicated inputs 
(Ilo - 145) and to the feedback paths of the 8 
on-chip State Registers (Qpp - Qp7). Two 
complement arrays support complex 
IF-THEN-ELSE state transitions with a single 
product term (input variables Co, C4), 










Document No. 
ECN No. 


Date of Issue 


All state transition terms can include True, 
False and Don't Care states of the controlling 
state variables. All AND gates are merged 
into the programmable OR array to issue the 
next-state and next-output commands to their 
respective registers. Because the OR array is 
programmable, any one or all of the 64 
transition terms can be connected to any or 
all of the State and Output Registers. 


All state (Qpo - Qp7) and output (Q¢o - Qr7) 
registers are edge-triggered, clocked J-K 
flip-flops, with Asynchronous Preset and 
Reset options. The PLUS405 architecture 
provides the added flexibility of the J-K toggle 
function which is indeterminate on S-R 
flip-flops. Each register may be individually 
programmed such that a specific 
Preset-Reset pattern is initialized when the 
initialization pin is raised to a logic level “1”. 
This feature allows the state machine to be 
asynchronously initialized to known internal 
state and output conditions prior to 
proceeding through a sequence of state 
transitions. Upon power-up, all registers are 
unconditionally preset to “1”. If desired, the 
initialization input pin (INIT) can be converted 
to an Output Enable (OE) function as an 


additional user-programmable feature. 


Availability of two user-programmable clocks 
allows the user to design two independently 
clocked state machine functions consisting of 
four state and four output bits each. 


Order codes are listed in the Ordering 
Information Table. 


PLUS405-—37/—45 


Programmable logic sequencers 
(16 x 64 x 8) 


FEATURES PIN CONFIGURATIONS 
@ PLUS405-37 
— fax = 37MHz 
~- 50MHz clock rate 
@ PLUS405—45 
= fax = 45MHz 
— 58.8MHz clock rate 
® Functional superset of PLS105/105A 


© Field-programmable (Ti-W fusible link) 


N Package 


® 16 input variables 

® 8 output functions 

® 64 transition terms 

© 8-bit State Register 

® 8-bit Output Register 

@ 2 transition Complement Arrays 

@ Multiple clocks’ 

@ Programmable Asynchronous Initialization 


or Output Enable 
© Power-on preset of all registers to “1” N = Plastic DIP (600mi-wide) 
® “On-chip” diagnostic test mode features for 
access to state and output registers 


®@ 950mW power dissipation (typ.) 
@ TTL compatible 
@ J-K or S-R flip-flop functions 


A Package 


IgCLK Ig 17 CLK Veo lg 


® Automatic “Hold” states 
® 3-State outputs 


APPLICATIONS 

® \nterface protocols 

® Sequence detectors 
® Peripheral controllers 
© Timing generators Fs Fa GND F3 Fo Fy 


© Sequential circuits . : ; 
A = Plastic Leaded Chip Carrier 





® Elevator contollers 

® Security locking systems 
© Counters 

® Shift registers 


“Refer to AC Specifications for clock and operating frequencies when using muttiple clocks. 
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PIN DESCRIPTION 


pees SYMBOL NAME AND FUNCTION POLARITY 


Clock: The Clock input to the State and Output Registers. A Low-to-High transition on this | Active-High (H) 
line is necessary to update the contents of both registers. Pin 1 only clocks Pp_3 and Fo_4 
if Pin 4 is also being used as a clock. 



















Active-High/Low 
(H/L) 


Logic Inputs: The 12 external inputs to the AND array used to program jump conditions 
between machine states, as determined by a given logic sequence. True and complement 
signals are generated via use of “H” and “L”. 













Logic Input/Clock: A user programmable function: 





Active-High/Low 
_ (H/L) 


Active-High (H) 


© Logic Input: A 13th external logic input to the AND array, as above. 









@ Clock: A 2nd clock for the State Registers P4. 7 and Output Registers F,_7, as above. 
Note that input buffer I; must be deleted from the AND array (i.e., all fuse locations “Don't 
Care”) when using Pin 4 as a Clock. 
















Active-High/Low 
(H/L) 


Logic/Diagnostic Input: A 14th external logic input to the AND array, as above, when 
exercising standard TTL or CMOS levels. When ly2 is held at +10V, device outputs Fo — F7 
reflect the contents of State Register bits Pp — Pz. The contents of each Output Register 
remains unaltered. 














Active-High/Low 
(H/L) 


Logic/Dlagnostic Input: A 15th external logic input to the AND array, as above, when 
exercising standard TTL levels. When 1,; is held at +10V, device outputs Fp — F7 become 
direct inputs for State Register bits Pg — Pz; a Low-to-High transition on the appropriate 
clock line loads the values on pins Fg — F7 into the State Register bits Pp — Pz. The 
contents of each Output Register remains unaltered. 





















Active-High/Low 


Logic/Dtagnostic Input: A 16th external logic input to the AND array, as above, when 
(H/L) 


exercising standard TTL levels. When 119 is held at +10V, device outputs Fy — F7 become 
direct inputs for Output Register bits Qg — Q7; a Low-to-High transition on the appropriate 
clock line loads the values on pins Fg — F; into the Output Register bits Qg - Q7. The 
contents of each State Register remains unaltered. 















Logic Outputs/Diagnostic Outputs/Diagnostic Inputs: Eight device outputs which Active-High (H) 
normally reflect the contents of Output Register Bits Qo ~ Q7, when enabled. When Ij2 is 
held at +10V, Fo — Fz = (Po — Pz). When Ij, is held at +10V, Fo — F7 become inputs to State 
es bits Po — P7. When lj is held at +10V, Fo — F7 become inputs to Output Register 
bits la- Q). 


Initialization or Output Enable Input: A user programmable function: 


















® Initialization: Provides an asynchronous preset to logic “1” or reset to logic “0” of all Active-High (H) 
State and Output Register bits, determined individually for each register bit through user 
programming. INIT overrides Clock, and when held High, clocking is inhibited and Fo ~ F7 

and Pp — P7 are in their initialization state. Norma iag resumes with the first-fatFdteck= [ 
pulse following a High-to-Low clock transition, after INIT goes Low. See timing definition for 


tvoK and’ vex. Shek, Lransi£hu> 
e Output Enable: Provides an output enable function to buffers Fy — F7 from the Output 
Registers. 











—>¢t 
















Active-Low (L) 
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TRUTH TABLE 12,3, 4,5, 6,7 


peer laren 


; 





NOTES: 
1. Positive Logic: 
S/R (or J/K) = To + T1 + To +... Te 
Tn = (Co, Cy)(lo, I, Ia, . . .) (Po, Pr, .. « Pz) : 


2. Either Initialization (Active-High) or Output Enable (Active-Low) are available, but not both. The desired function is a user-programmable 
option. ; : 

3. T denotes transition from Low-to-High level. 

4. *=HorLor+10V 

5. X = Don't Care (<5.5V) : 

6. H/Limplies that either a High or a Low can occur, depending upon user-programmed selection (each State and Output Register individually 
programmable). ; 

7. When using the Fp pins as inputs to the State and Output Registers in diagnostic mode, the F buffers are 3-Stated and the indicated levels 
on the output pins are forced by the user. 

VIRGIN STATE LOGIC FUNCTION 

A factory-shipped virgin device contains all 

fusible links intact, such that: Typical State Transition: 

1. INIT/OE is set to INIT. In order to use the , 
INIT function, the user must select either Q2 Q1 a0 
the PRESET or the RESET option for (sa) pa ScuReIATe 
each flip-flop. Note that regardless of the 


user-programmed initialization, or even if STATE REGISTER A-B-C:... 


the INIT function is not used, all registers 
fo fo}. | bes) NEXT STATE 


are preset to “1” by the power-up 
procedure. 


2. All transition terms are inactive (0). 
3. Ali S/R (or J/K) flip-flop inputs are disabled 


SET Qo: Sp = (2° Qy° Up) °A-B-C... 


Ro=0 
(0). RESET Q;: Sy =0 
tt 1 = 
4. The device can be clocked via a Test Ry =(G2°Q4°Up)-A- BC... 
Array preprogrammed with a standard test HOLD Qp:S> =0 
pattern. 


R220 





5. Clock 2 is inactive. 
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FUNCTIONAL DIAGRAM 


oe | 
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LOGIC DIAGRAM 


DETAIL C 


DETAIL A 


bib db Ab Mote 66-64 8:05 ob h8- a8 a8 Bh ab 


«Denotes a programmable fuse location. 





NOTE: 
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DETAILS FOR REGISTERS FOR PLUS405 


The Complement Array is a special 
sequencer feature that is often used for 
detecting illegal states. It is also ideal for 
generating IF-THEN-ELSE logic statements 
with a minimum number of product terms. 


The concept is deceptively simple. If you 
subscribe to the theory that the expressions 
(/A « /B + /C) and (A+B + C) are equivalent, 
you will begin to see the value of this single 
term NOR array. 


The Complement Ary is a single OR gate 
with inputs from the AND array. The output of 
the Complement Array is inverted and fed 
back to the AND array (NOR). The output of 
the array will be Low if any one or more of the 


October 18, 1990 


FROM PIN 4 
(Is/CLK) 


TO OR ARRAY 





AND terms connected to it are active (High). 
If, however, all the connected terms are 
inactive (Low), which is a classic unknown 
state, the output of the Complement Array will 
be High. 


Consider the Product Terms A, B and D that 
represent defined states. They are also 
connected to the input of the Complement 
Array. When the condition (not A and not B 
and not D) exists, the Complement Array will 
detect this and propagate an Active-High 
signal to the AND array. This signal can be 
connected to Product Term E, which could be 
used in tum to reset the state machine toa 
known state. Without the Complement Array, 
one would have to generate product terms for 
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STATE REGISTERS 


TO AND 
ARRAY 


Detall D 


all unknown or illegal states. With very 
complex state machines, this approach can 
be prohibitive, both in terms of time and 
wasted resources. 


Note that the PLUS405 has 2 Complement 
Arrays which allow the user to design 2 
independent Complement functions. This is 
particularly useful if 2 independent state 
machines have been implemented on one 


_ device. 


Note that use of the Complement Array adds 
an additional delay path through the device. 
Please refer to the AC Electrical 
Characteristics for details. 
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ORDERING INFORMATION THERMAL RATINGS 


OPERATING E 
DESCRIPTION FREQUENCY ORDER CODE cee 
45MHz (tis; + texos) PLUS405-45N MERINO Se 
37MHz (t PLUS405-37N 
Allowable thermal rise 75°C 
45MHZ (tsi + texo1) PLUS405-45A ambient to junction 
37MHz (tis; + texo1) PLUS405-37A 


Output currents +100 
=o 
°C 

NOTES: 


1. Stresses above those listed may cause malfunction or permanent damage to the device. This 
is a stress rating only. Functional operation at these or any other condition above those 
indicated in the operational and programming specification of the device is not implied. 





DC ELECTRICAL CHARACTERISTICS 
O°C < Tamb $ +75°C, 4,.75V < Veo < 5.25V 


Output voltage? 


Voc = MIN, lo. = 9.6mA 


Low 
Output current 
es ee 
PS 
Voc = MAX 
Capacitance 
NOTES: 


1. All typical values are at Voc = 5V. Tarp = +25°C. 

2. All voltage values are with respect to network ground terminal. 
3. Test one ata time. 
4 
5 





. Duration of short-circuit should not exceed one second. 
. loc is measured with the INIT/OE input grounded, all other inputs at 4.5V and the outputs open. 
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an ELECTRICAL CHARACTERISTICS 
= 470Q, Ro = 1kQ, Cy = 30pF, 0°C < Tar = +75°C, 4.75V < Voc < §.25V 


Pram [ove [wa [aw [aver [wae 


Pulse width 


PPaewah—CSCOSCSCSC“SCSC“‘CSNSNCNSCNCNNCCNNC 
Poor [coaranenmren tom | om [w]e | le] 7] [« | 
[oar | Cosktowscixr rin) | x | om [w]e | les[ 7) || 
Peer [eikiraea dt | om fo] | [tw | | | 
[ce [coxrtinrcnmrna fox | oe [w]e | [ole] || 
eas [Coote ging | ox [om [w]e] [ofe| |= | 
ewe leikeraea SSC | ome Po] we | fe] | | 
[vm [iotstonmice st | we fe fo | fete) || 


Setup time 


4 Pf 2 | wo | 
Input 2 
(through Complement Array) nput+ 


i 
= fase, Pe Pe ot ef 
(after Initialization) 
wor [eiovinaiaoy | Om fmm | ss | oft s || | 
Hold time 
ptm fino cw itmott fo fs | Po Ls] | os | 
Propagation delay 
a eine eee see ea 
foezirng =i kes fume |_| 
eag 


tintt Initialization INIT+ 


vo on following page 
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- ELECTRICAL CHARACTERISTICS (Continued) 
= 470Q, Ro = 1kQ, Cy, = 30pF, 0°C < Tam < +75°C, 4.75V < Voc < 5.25V 


LIMITS 
SYMBOL PARAMETER |. PLUS405-37 | PLUS405—45 UNIT 
ae rer wae sar eae 
Frequency of operation 
Input + Output + 37.0 | 45.5 : 45.5 jeep MHz 


Input + Output + 33.0 | 41.7 41.7 je MHz 

















CLK1; without Complement Array 
ec 
tist + tcxo1 














CLK2; without Complement Array 
eee 
tis1 + tcko2 













































CLK1; with Complement Array Input thru 
fMaxa 1 Complement } Output + 31.3 | 38.5 MHz 
tise + texor Array + 
CLK2; with Complement Array input thru ‘ 
1 Complement} Output + 31.3 29.4 | 35.7 MHz 
tis2 + texo2 Array + 






Internal feedback without 
Complement Array (CLK1 or CLK2) 


1 
(= + = 
















Register 
Output + 


Register 
Intput + 





























Internal feedback with h 
Complement Array (CLK1 or CLK2) Register 
f Output thru Register 50.0 MHz 
MAX6 1 Complement | Intput+ : 
tise Array + 


Ea 7 z : 7 3 - 


Minimum guaranteed clock 
had 


. All typical values are at Voc = 5V, Tam = +25°C. 

s For 3-State output; output enable times are tested with C_ = 30pF to the 1.5V level, and S; is open for high-impedance to High tests and 
closed for high-impedance to Low tests. Output disable times are tested with C, = 5pF. High-to-High impedance tests are made to an output 
voltage of Vz = (Voy — 0.5V) with S; open, and Low-to-High impedance tests are made to the V7 = (Vo, + 0.5V) level with S; closed. 

3. All propagation delays and setup times re measured and specified under worst case conditions. 


TEST LOAD CIRCUIT VOLTAGE WAVEFORMS 


2.5ns 


MEASUREMENTS: 
All circuit delays are measured at the +1.5V level of 
inputs and outputs, uniess otherwise specified. 


Input Pulses 


NOTE: 
Cy and C2 are to bypass Vcc to GND. 
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TIMING DIAGRAMS 


UNITH 


Asynchronous Initialization 


Power-On Preset 
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TIMING DIAGRAMS (Continued) 


ts 
“INTERNAL 
Q0-@7 stareReG (Ps) 


‘exo 


Diagnostic Mode — State Register Outputs 


($8) WLLL: 


Diagnostic Mode — State Register Input Jam 


Fo—F7 
(INPUTS) 


(8) WLLL 


Diagnostic Mode — Output Register Input Jam 
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TIMING DEFINITIONS 


SYMBOL PARAMETER 
Width of input clock pulse. 


 texp1,2 | Minimum guaranteed clock 
period. 


Required delay between 
beginning of valid input and 
positive transition of Clock. 















Delay between positive 
transition of Clock and when 
Outputs become valid (with 

INIT/OE Low). 


Delay between Vcc (after 
power-on) and when Outputs 
become preset at “1”. 



















Required delay between 
beginning of valid Input and 
positive transition of Clock, 
when using optional 
Complement Array (two 
passes necessary through 
the AND Array). 


Required delay between 
positive transition of clock, 

and return of input ly or ty, 
from Diagnostic Mode (8V). 


Minimum guaranteed 
operating frequency; input to 
output (CLK1 and CLK@2). 


Minimum guaranteed 
operating frequency; input 

through Complement Array, 
to output (CLK1 and CLK2). 


Minimum guaranteed internal 
operating frequency; with 
internal feedback from state 
register to state register. 
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Minimum guaranteed internal 
operating frequency with 
Complement Array; with 

; internal feedback from state 
register through Complement 
Array, to state register. 






SYMBOL PARAMETER | 


pulse. ws 

tvs Required delay between Vcc 
(after power-on) and 
negative transition of Clock 
preceding first reliable clock 
pulse. 


Delay between beginning of 
Output Enable High and 
when Outputs are in the 
OFF-state. : 
Delay between positive 


transition of Initialization and . 
tsrp 
tay 


SYMBOL PARAMETER 












Minimum guaranteed clock 
frequency (register toggle 


foik 
frequency). 
tox.1,2 | Interval between clock 
pulses. . 


io Required delay between 


positive transition of Clock 
and end of valid Input data. 






































Delay between beginning of 
Output Enable Low and when 
Outputs become valid. 











Delay between input 12 
transition to Logic mode and 
when the Outputs reflect the 
contents of the Output 
Register. 













Delay between input l;2 
transition to Diagnostic Mode 
and when the Outputs reflect 
the contents of the State 

Register. 













when Outputs become valid. 


tvck 












Required delay between 
positive transition of Clock 
and end of valid Input data 
when jamming data into State 
or Output Registers in 
diagnostic mode. 








Required delay between 
inputs 14; oF Iy9 transition to 
Diagnostic Mode (8V), and 
when the output pins become 
available as inputs. 









































Required delay between 
negative transition of 
Asynchronous Initialization 
and negative transition of 
Clock preceding first reliable 
clock pulse. 


Required delay between the 
negative transition of the 
clock and the negative 
transition of the 
Asynchronous Initialization to 
guarantee that the clock edge 
is not detected as a valid 
negative transition. 
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LOGIC PROGRAMMING 

The PLUS405~-37/—45 is fully supported by 
industry standard (JEDEC compatible) PLD 
CAD tools, including Signetics AMAZE, 
SLICE and SNAP design software packages. 
ABEL™ and CUPL" design software 
packages also support the PLUS405-37/-45 
architecture. 


All packages allow Boolean and state 
equation entry formats. SNAP, ABEL and 
CUPL also accept, as input, schematic 
capture format. 


PLUS405-37/—45 logic designs can also be 
generated using the program table entry 
format, which is detailed on the following 
pages. This program table entry format is 
supported by AMAZE and SLICE only. Both 
AMAZE and SLICE design packages are 
available, free of charge, to qualified users. 


To implement the desired logic functions, 
each logic variable (!, B, P, S, T, etc.) from the 
logic equations is assigned a symbol. TRUE, 
COMPLEMENT, PRESET, RESET, OUTPUT 
ENABLE, INACTIVE, etc., symbols are 
defined below. 


INITIALIZATION OPTION -— (INIT) 


iat 
es 


IT 
[_neTion | 00E 
wwocremmware? | 9 | | [Co pneser | w _ 


“AND” ARRAY - (I), (P) 


STATE 
INACTIVE! 2 


Notes are on next page. 


ABEL is a trademark of Data 0 Cop. 
CUPL is a trademark of Logical Devices, Inc. 
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INITIALIZATION? 


PROGRAMMING THE PLUS405: 

The PLUS405 has a power-up preset feature. This feature insures that the device will power-up 
in a known state with all register elements (State and Output Register) at logic High (H). When 
programming the device it is important to realize this is the initial state of the device. You must 
provide a next state jump if you do not wish to use all Highs (H) as the present state. 


INITIALIZATION/OE OPTION — (INIT/OE) 


INIT=0 
E=1 


(INITIALIZATION 


(ALWAYS DISABLED) 
ENABLED) 





[ponteane | - 
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“OR” ARRAY — J-K FUNCTION — (N), (F) 








PROPAGATE | © | 





TRANSPARENT 





CLK2 
CLKt 


ee a 
id 


NOTES: 

1. This is the initial unprogrammed state of all links. 

2. Any gate T, will be unconditionally inhibited if any one of its | or P link pairs is left intact. 

3. To prevent oscillations, this state is not allowed for C link pairs coupled to active gates T,. 

4. These states are not allowed when using INITIALIZATION option. 

5. Input buffer |; must be deleted from the AND array (i.e., all fuse locations “Don't Care”) when using second clock option. 
6. -A single product term cannot drive more than 8 registers by itself when used in TOGGLE mode. 
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PLUS405 PROGRAM TABLE 


OPTIONS 


INACTIVE 


GENERATE 


PROPAGATE 


TRANSPARENT| — 


DON'T CARE 





[Pcrocxi2 [| | TT TTT TTttT tit tT it | 


OUTPUT (Fr) 








NEXT STATE (Ns) 


|.N7] NG] N51 N41 Nol N2] Ni] Nol 7] Fe] Fs] Fe] Fal F2] Ft] Fo] 
PP Perey eee et te 





[P6]PS] Pa] P3] P2]P1 [Po | 
Pt tT tt 


PRESENT STATE (Ps) 





BECO EEE EEE EEE ET EET EEEEE EET Eee CELE EEE ot 


INPUT (Im) 


TTT TTT TTT TTT TT 
SET TTT TTT TT TT 


d1EVvi WVeYDOudd 


ners 


aa 

Hee | 

HE 

Ht 
FECT HEE 
BELL LEH 
sR EEEEEEEEEEEEEEEEEEEEEEEE 
rca 


# LYVd GAZMOGWAS YAWOLSND 
XXXX) 4D # ADIAAG SOILANDIS 


AAY —FAINVN YSWOLSND 





ly intact. Thus, a background of “O" for all Terms, and an “H” for the IN/E and H for the clock option, exists In the table, shown BLANK Instead 


The device Is shipped with all links initia! 


for clarity. 
2. Unused Cn Im, and Ps bits are normally programmed Don't Care (—). 


3. Unused Transition Terms can be left blank for future code modification, or programmed as (—) for maximum speed, 


NOTES: 


1, 
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Document No. 
ECN No. 


Date of Issue 


October 1990 
Preliminary Specification 
Programmable Logic Devices 


DESCRIPTION 

The PLUS405-—55 device is a bipolar, 
programmable state machine of the Mealy 
type. Both the AND and the OR array are 
user-programmable. All 64 AND gates are 
connected to the 16 external dedicated inputs 
(lp - 145) and to the feedback paths of the 8 
on-chip State Registers (Qpp - Qp7). Two 
complement arrays support complex 
IF-THEN-ELSE state transitions with a single 
product term (input variables Co, C4), 


All state transition terms can include True, 
False and Don't Care states of the controlling 
state variables. All AND gates are merged 
into the programmable OR array to issue the 
next-state and next-output commands to their 
respective registers. Because the OR array is 
programmable, any one or all of the 64 
transition terms can be connected to any or 
all of the State and Output Registers. 


All state (Qp9 - Qp7) and output (Q¢p - Q¢7) 
registers are edge-triggered, clocked J-K 
flip-flops, with Asynchronous Preset and 
Reset options. The PLUS405 architecture 
provides the added flexibility of the J-K toggle 
function which is indeterminate on S-R 
flip-flops. Each register may be individually 
programmed such that a specific 
Preset-Reset pattern is initialized when the 
initialization pin is raised to a logic level “1”. 
This feature allows the state machine to be 
asynchronously initialized to known internal 
state and output conditions prior to 
proceeding through a sequence of state 
transitions. Upon power-up, all registers are 
unconditionally preset to “1”. If desired, the 
initialization input pin (INIT) can be converted 
to an Output Enable (OE) function as an 
additional user-programmable feature. 


Availability of two user-programmable clocks 
allows the user to design two independently 
clocked state machine functions consisting of 
four state and four output bits each. 


Order codes are listed in the Ordering 
Information Table. 





PLUS405-—55 


Programmable logic sequencer 


(16 x 64 x 8) 


FEATURES 


® 62.5MHz minimum guaranteed clock rate 


@ 55MHz minimum guaranteed operating 
frequency (1/(tis1 + tcKo1) 
© Functional superset of PLS105/105A 


® Field-programmable (Ti-W fusible link) 
© 16 input variables 

® 8 output functions 

® 64 transition terms 

® 8-bit State Register 

© 8-bit Output Register 

® 2 transition Complement Arrays 

®@ Multiple clocks 


® Programmable Asynchronous Initialization 
or Output Enable 


® Power-on preset of all registers to “1” 


® “On-chip” diagnostic test mode features for 
access to state and output registers 


®@ 950mW power dissipation (typ.) 
®@ TTL compatible - 
@ J-K or S-R flip-flop functions 

® Automatic “Hold” states 


® 3-State outputs 


APPLICATIONS 

@ Interface protocols 

®@ Sequence detectors 

® Peripheral controllers 

® Timing generators 

® Sequential circuits 

® Elevator contollers 

® Security locking systems 
® Counters 


@ Shift registers 
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PIN CONFIGURATIONS 


N Package 


N = Plastic DIP (600mil-wide) 


A Package 


ICLK Ig 7 CLKVoc lg Ig 


Fs Fa GND Fz Fo Fy Fo 


A = Plastic Leaded Chip Carrier 
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PIN DESCRIPTION 
NAME AND FUNCTION 


POLARITY 


Clock: The Clock input to the State and Output Registers. A Low-to-High transition on this 
line is necessary to update the contents of both registers. Pin 1 only clocks Pg_3 and Fo_3 
if Pin 4 is also being used as a clock. 


Logic Inputs: The 12 external inputs to the AND array used to program jump conditions 
between machine states, as determined by a given logic sequence. True and complement 
signals are generated via use of “H” and “L”. 


Logic Input/Ciock: A user programmable function: 


@ Logic Input: A 13th external logic input to the AND array, as above. 


_© Clock: A 2nd clock for the State Registers P,. 7 and Output Registers F,_7, as above. 
Note that input buffer |; must be deleted from the AND array (i.e., all fuse locations “Don't 
Care”) when using Pin 4 as a Clock. 


Logic/Diagnostic Input: A 14th external logic input to the AND array, as above, when 
exercising standard TTL or CMOS fevels. When I; is held at +10V, device outputs Fo — Fz 
reflect the contents of State Register bits Py - P7. The contents of each Output Register 
remains unaltered. 


Logic/Diagnostic Input: A 15th external logic input to the AND array, as above, when 
exercising standard TTL levels. When 1,; is held at +10V, device outputs Fy — F7 become 
direct inputs for State Register bits Pp — P7; a Low-to-High transition on the appropriate 
clock line loads the values on pins Fy — F7 into the State Register bits Pp — P7. The 
contents of each Output Register remains unaltered. 


Logic/Diagnostic Input: A 16th external logic input to the AND array, as above, when 
exercising standard TTL levels. When lI; is held at +10V, device outputs Fy — F7 become 
direct inputs for Output Register bits Qo - Q7; a Low-to-High transition on the appropriate 
clock line loads the values on pins Fp — Fz into the Output Register bits Qo — Q7. The 
contents of each State Register remains unaltered. 


Logic Outputs/Diagnostic Outputs/Diagnostic Inputs: Eight device outputs which 
normally reflect the contents of Output Register Bits Qg - Q7, when enabled. When ly is 
held at +10V, Fo — F7 = (Pp — Pz). When 1,; is held at +10V, Fo — F7 become inputs to State 
Register bits Pg — Pz. When 119 is held at +10V, Fo — F7 become inputs to Output Register 
bits Qo — Q;. 


Initialization or Output Enable Input: A user programmable function: 


¢ Initialization: Provides an asynchronous preset to logic “1” or reset to logic “0” of all 
State and Output Register bits, determined individually for each register bit through user 
programming. INIT overrides Clock, and when held High, clocking is inhibited and Fo — F7 
and Po — P? are in their initialization state. Normal clocking resumes with the first full clock 
pulse following a High-to-Low clock transition, after INIT goes Low. See timing definition for 
tavek and tyck. 


© Output Enable: Provides an output enable function to buffers Fo — F> from the Output 
Registers. 
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Active-High (H) 


Active-High/Low 
(H/L) 


Active-High/Low 
(H/L) 


Active-High (H) 


Active-High/Low 
(H/L) 


Active-High/Low 


(H/L) 


Active-High/Low 
(H/L) 


Active-High (H) 


Active-High (H) 


Active-Low (L) 
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TRUTH TABLE 1; 2,3, 4, 5, 6,7 


Voc a 


* 


xX 
X 
X 
X 
10 
X 


xx x «|x x x 





«x | 99 9) kK Ok x «kK BHO 
xfxmueer|lxxxxx x x|xx« x x & & 
x|xeuer|xxxxx x x[xx«x «xx & Xx 


+ 
on 
; < 
per eeleeen ne 


x|x<x «KK -KIK OK KK XK 


x< 


NOTES: 

1. Positive Logic: 

S/R (or U/K) = To + Ty +To+... Teg 

Th = (Co, C4)(Io, hh, la, oe ) (Po, Py, tee P7) ' : ‘ 

Either Initialization (Active-High) or Output Enable (Active-Low) are available, but not both. The desired function is a user-programmable 
option. 

T denotes transition from Low-to-High level. 

*=HorLor +10V 

X = Don't Care (<5.5V) 

H/L implies that either a High or a Low can occur, depending upon user-programmed selection (each State and Output Register individually 
programmable). 

When using the F, pins as inputs to the State and Output Registers in diagnostic mode, the F buffers are 3-Stated and the indicated levels 
on the output pins are forced by the user. 


N ONO DW 


VIRGIN STATE LOGIC FUNCTION 

A factory-shipped virgin device contains all 

fusible links intact, such that: 

1. INIT/OE is set to INIT. In order to use the 
INIT function, the user must select either Q2 Qi Qo 


Typical State Transition: 


the PRESET or the RESET option for (sn) PRESENT STATE 
each flip-flop. Note that regardless of the 
user-programmed initialization, or even if STATE REGISTER ABC... 


the INIT function is not used, all registers 
are preset to “1” by the power-up 
procedure. 


2. All transition terms are inactive (0). 


SET Qo: Sp = (Gig Qy*Up) “KB C... 


3. All S/R (or J/K) flip-flop inputs are disabled Ro=0 
(0). Herel On ore? * cre 
4. The device can be clocked via a Test rte te < 
Array preprogrammed with a standard test HOLD Qo: S2=0 
pattern. Ro=0 





5. Clock 2 is inactive. 


October 1990 394 


Philips Components—Signetics Programmable Logic Devices Preliminary Specification 


Programmable logic sequencer 


(16 x 64 x 8) PLUS405—55 


FUNCTIONAL DIAGRAM 
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DETAIL C 


Sanaa ssa 
a Bt} He Ht HoH H Tt han 


DETAIL A 


aenvavantad faba iho BA Ab ho BG Gd GA OIRA GO BO GA GO BO 


« ) Denotes a programmable fuse location. 


NOTE: 





LOGIC DIAGRAM 
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DETAILS FOR REGISTERS FOR PLUS405 


The Complement Array is a special 
sequencer feature that is often used for 
detecting illegal states. It is also ideal for 
generating IF-THEN-ELSE logic statements 
with a minimum number of product terms. 


The concept is deceptively simple. If you 
subscribe to the theory that the expressions 
(/A + /B + /C) and (A + B + C) are equivalent, 
you will begin to see the value of this single 
term NOR array. 


The Complement Array is a single OR gate 
with inputs from the AND array. The output of 
the Complement Array is inverted and fed 
back to the AND array (NOR). The output of 
the array will be Low if any one or more of the 


October 1990 


FROM PIN 4 
(Is/CLK) 


P62 eee P2 


TO OR ARRAY 


AND terms connected to it are active (High). 
If, however, all the connected terms are 
inactive (Low), which is a classic unknown 
state, the output of the Complement Array will 
be High. 


Consider the Product Terms A, B and D that 
represent defined states. They are also 
connected to the input of the Complement 
Array. When the condition (not A and not B 
and not D) exists, the Complement Array will 
detect this and propagate an Active-High 
signal to the AND array. This signal can be 
connected to Product Term E, which could be 
used in turn to reset the state machine to a 
known state. Without the Complement Array, 
one would have to generate product terms for 
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STATE REGISTERS 


PIN 1 CLK 


Detail D 





all unknown or illegal states. With very 
complex state machines, this approach can 
be prohibitive, both in terms of time and 
wasted resources. 


Note that the PLUS405 sequencers have 2 
Complement Arrays which allow the user to 
design 2 independent Complement functions. 
This is particularly useful if 2 independent 
state machines have been implemented on 
one device. 


Note that use of the Complement Array adds 
an additional delay path through the device. 
Please refer to the AC Electrical 
Characteristics for details. 
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ORDERING INFORMATION THERMAL RATINGS 


OPERATING TEMPERATURE 
DESCRIPTION FREQUENCY ORDER CODE 


28-Pin Plastic DiP (600mil-wide) 58MHz (tis; + texo1) PLUS405-55N 
28-Pin Plastic Leaded Chip Carrier S55MHz (tis; + texo1) PLUS405-55A 


ambient to junction 
ABSOLUTE MAXIMUM RATINGS! 


[svusor | __PARaweTeR [RATINGS | ONT 
Pin | pstewrens «dma 


NOTES: 

1. Stresses above those listed may cause malfunction or permanent damage to the device. This 
is a stress rating only. Functional operation at these or any other condition above those indi- 
cated in the operational and programming specification of the device is not implied. 

























DC ELECTRICAL CHARACTERISTICS 
O°C < Tam < +75°C, 4.75V < Voc < 5.25V 


LIMITS 
SYMBOL | PARAMETER TEST CONDITIONS | MIN. | TyPt | MAX =| UNIT 


Input voltage” 


wn | woe SSCdSCOC‘“‘“‘ CCC CCC 
A 
a 


Output voltage? 


liu 
















[oss ows | 












ow 

Pin [woh SSCS~dSCS~C~C R= dC 
Piw dM = Mama | «dT |e] 
Output current 

Voo = WAX eed 

Pen men SSCSCS~S*~*drSC*C*~‘N BOWS 

[Cour | ov ————~«dtCSCSMeo = SOV Vourezv |i 


NOTES: 


. All typical values are at Voc = 5V. Tam = +25°C. 

. All voltage values are with respect to network ground terminal. 

. Test one ata time. 

. Duration of short-circuit should not exceed one second. 

._ loc is measured with the INIT/OE input grounded, all other inputs at 4.5V and the outputs open. 








Oh oan — 
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AC ELECTRICAL CHARACTERISTICS 
Ry = 470Q, Ro = 1k, Cy = 30pF, 0°C < Tam < +75°C, 4.75V < Voc <5.25V 


LIMITS 






Input 


Clock resume , 
'veK (after Initialization) INIT— CK- 
Clock lockout 


Hold time 


Pe [we SC—~SYSCiG SC PP Cd 
Propagation delay 
=z pte fons | 
fw oe 








tinit Initialization INIT+ Output + . 


Notes on following page 
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AC ELECTRICAL CHARACTERISTICS (Continued) 
R, = 470Q, Ro = 1kQ, CL = 30pF, 0°C < Tamb s +75°C, 4.75V < Voc < 5.25V 


LIMITS 


Frequency of operation 
a a fafa] = 
CLK2; (without Complement Array) 
fuaxe 1 Input + Output + 55.6 MHz 
tist + teKo2 , 
CLK1; (with Complement Array) 
Input through 
fMax3 1 Complement Output + 38.5 
tise + teKor Array + 


CLK2; (with Complement Array) 
fMaxa ee 
tisa + texo2 











CLK1; (without Complement Array) 
eee 
tist + tcko1 































Input through 
Complement 
Array + 


Output + 38.5 46.5 


66.7 83.3 | MHz 





Internal feedback without Complement 
Array (CLK1 or CLK2) 


1 
(= + ca) 
















Register 
Output + 


Register 
Input + 




























Internal feedback with Registe. 
Complement Array (CLK1 or CLK2) Outut, . 
f Register 
MAX6 1 through Input + 66.7 MHz 
—_ Complement 
tise Array + 
Minimum guaranteed Clock frequency CK + 66.7 83.3 MHz 
NOTES: : , . 


1. All typical values are at Voc = 5V, Tamb = +25°C. 

2. For 3-State output; output enable times are tested with C_ = 30pF to the 1.5V level, and S; is open for high-impedance to High tests and 
closed for high-impedance to Low tests. Output disable times are tested with C. = 5pF. High-to-High impedance tests are made to an output 
voltage of V7 = (Voy — 0.5V) with S; open, and Low-to-High impedance tests are made to the V7 = (Vo, + 0.5V) level with S, closed. 

3. All propagation delays and setup times re measured and specified under worst case conditions. 


TEST LOAD CIRCUIT VOLTAGE WAVEFORMS 


INPUTS ,, 


ov—— 


Ss 


2.5ns 


MEASUREMENTS: 
All circuit delays are measured at the +1.5V level of 
inputs and outputs, unless otherwise specified. 


Input Pulses 


NOTE: 
Cy and Co are to bypass Vcc to GND. 
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TIMING DIAGRAMS 


toE 


Sequential Mode 


4NITH : 


Asynchronous Initialization 


Power-On Preset 
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TIMING DIAGRAMS (Continued) 





ts 
“INTERNAL 
G9-@7 stareReG. (Ps) 


tcKo 


CE 


Diagnostic Mode ~ State Register Outputs 


Ny 


FoF 
dene 1.5V (FORCED Diy) 1.5 


CLK 


NAL 


Diagnostic Mode — State Register Input Jam 


1.5V (FORCED Diy) 1.5 


Diagnostic Mode — Output Register Input Jam 
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TIMING DEFINITIONS 


SYMBOL PARAMETER 
tckH1,2 | Width of input clock pulse. 


Minimum guaranteed clock 
period. 











toKP1,2 






Required delay between 
beginning of valid input and 
positive transition of Clock. 








Delay between positive 
transition of Clock and when 
Outputs become valid (with 

INIT/OE Low). 


Delay between Veg (after 
power—on) and when Outputs 
become preset at “1”. 


tcko1, 2 




















vw 
2 
2 


Required delay between 
beginning of valid Input and 
positive transition of Clock, 
when using optional 
Complement Array (two 
passes necessary through 
the AND Array). 


Required delay between 
positive transition of clock, 
and return of input Iy9 or 144 
from Diagnostic Mode (8V). 













tRJH 








Minimum guaranteed 
operating frequency; input to 
output (CLK1 and CLK2). 


Minimum guaranteed 
operating frequency; input 

through Complement Array, 
to output (CLK1 and CLK2). 

















Minimum guaranteed internal 
operating frequency; with 
internal feedback from state 
register to state register. 
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SYMBOL PARAMETER 


foLk 


ty 
























Minimum guaranteed internal 
operating frequency with 
Complement Array, with 
internal feedback from state 
register through Complement 
Array, to state register. 


Minimum guaranteed clock 
frequency (register toggle 
frequency). 


Interval between clock 
pulses. ; 


Required delay between 
positive transition of Clock 
and end of valid input data. 


Delay between beginning of 
Output Enable Low and when 
Outputs become valid. 


Delay between input 1,2 
transition to Diagnostic Mode 
and when the Outputs reflect 
the contents of the State 

Register. 


Required delay between 
inputs 1,1 or yo transition to 
Diagnostic Mode (8V), and 
when the output pins become 
available as inputs. 





Required delay between the 
negative transition of the 
clock and the negative 
transition of the 


Asynchronous Initialization to 
guarantee that the clock edge 
is not detected as a valid 
negative transition. 
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SYMBOL 


PARAMETER 


Width of initialization input 
pulse. 










tinITH 


Required delay between Vcc 
(after power—on) and 
negative transition of Clock 
preceding first reliable clock 
pulse. 


tvs 














Delay between beginning of 
Output Enable High and 
when Outputs are in the 
OFF-state. 





Delay between positive 
transition of Initialization and 
when Outputs become valid. 


tiniT 









Delay between input I,2 
transition to Logic mode and 
when the Outputs reflect the 
contents of the Output 
Register. 


tsrp 











Required delay between 
positive transition of Clock 
and end of valid Input data 
when jamming data into State 
or Output Registers in 
diagnostic mode. 









Required delay between 
negative transition of 
Asynchronous Initialization 
and negative transition of 
Clock preceding first reliable 
clock pulse. 


tvcK 
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LOGIC PROGRAMMING 

The PLUS405—55 is fully supported by 
industry standard (JEDEC compatible) PLD 
CAD tools, including Signetics AMAZE, 
SLICE and SNAP design software packages. 
ABEL™ and CUPL™ design software 
packages also support the PLUS405-55 
architecture. 


All packages allow Boolean and state 
equation entry formats. SNAP, ABEL and 
CUPL also accept, as input, schematic 
capture format. 


PLUS405-55 logic designs can also be 
generated using the program table entry 
format, which is detailed on the following 
pages. This program table entry format is 
supported by AMAZE and SLICE only. Both 
AMAZE and SLICE design packages are 
available, free of charge, to qualified users. 


To implement the desired logic functions, 
each logic variable (I, B, P, S, T, etc.) from the 
logic equations is assigned a symbol. TRUE, 
COMPLEMENT, PRESET, RESET, OUTPUT 
ENABLE, INACTIVE, etc., symbols are 
defined below. 


INITIALIZATION OPTION - (INIT) 


Ee 


ACTION | CODE | 
INDETERMINATE | | 


“AND” ARRAY - (I), (P) 


Notes are on next page. 


ABEL ts a trademark of Data /O Corp. 
CUPL Is a trademark of Logica! Devices, Inc. 
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INITIALIZATION/OE OPTION -— (INIT/OE) 


INIT =0 
E=1 


(INITIALIZATION 


(ALWAYS DISABLED) 
ENABLED) 


| inmauzarion’ [| H___| L 


PROGRAMMING THE PLUS405: 

The PLUS405 has a power-up preset feature. This feature insures that the device will power-up 
in a known state with all register elements (State and Output Register) at logic High (H). When 
programming the device it is important to realize this is the initial state of the device. You must 
provide a next state jump if you do not wish to use all Highs (H) as the present state. 
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“OR” ARRAY ~ J-K FUNCTION — (N), (F) 


“COMPLEMENT” ARRAY - (C) 


a. |(o¥ | [68 


<a [cone] [—_neTiON [CODE] 
[wacrves® | o | | [Ccenenare [a Tnanspanenr | — | 





CLOCK OPTION — (CLK1/CLK2) 


CLK2 CLK2 


CLK1 CLK1 


A 
CLK1 ONLY! t CLKtandCLK25 | oH | 


NOTES: 

. This is the initial unprogrammed state of all links. 

Any gate T, will be unconditionally inhibited if any one of its | or P link pairs is left intact. 

To prevent oscillations, this state is not allowed for C link pairs coupled to active gates Ty. 

These states are not allowed when using INITIALIZATION option. 

Input buffer I; must be deleted from the AND array (i.e., all fuse locations “Don't Care”) when using second clock option. 
A single product term cannot drive more than 8 registers by itself when used in TOGGLE mode. 





OArRon- 
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H CLK2 
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CLK1 ONLY 
CLK1 AND 2 


GENERATE 
TRANSPARENT| — 


0 


INACTIVE 
DON'T CARE 
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PSP eek er eer |S SD STS PTS PTS MeL See Ey I al oe aI tLe Dee 
SEE AAG GCE EEE Ber CE GTS SS Bale Dies, = 
ee Oe et ee EEE LICE LEE TEER Ee es. 

|e SELEHEE PEE gE CE PEE 

B15 i LITT I | ITT TT PITT TTT TT TT Eee 
Pe CEE EOE CECE EEE EEE EEE EEE EERE EE CE LEE ies 

EL | BRE EARA SRA NR RR AER AR ARERR eR ERE RR EERE See Se 

Bi |e RARE DER EER REE SERRE REARS E RRO R SERS PEEL 
|_| BEE e ee eeeE CeEEEEEE 
ri 5 CECE Eee Ee 
i we EEE 
+e CHEE EP-EEEEEUE EEE CE EEE EE 
Tyee tit z ele ITT | Lele] 

Pig Ce 
Pe CPE BEEP Ca TEETER Geli rot el or Eats for 
PE EEE EEE EEE EEE EEE EE EEA Ee EES ea 
T= EDO 
STEP TT TT TTT TTT TTT TT TT 
ee 
ge ESTEEEEEHT PEEP eC PEEP EE 
| | LT LILI TTI TT PET TTT TT REG ESee 
aya ele TT Te 
Cee ee ee ee ee eee Ter Tl Te ster Lt 
ST TTT CTT TT ee 





SH HE PEPE Ee 


LTT TTT TTT TTT TTT 


INPUT = 





# LYVd GAZMOEWAS YSAWOLSND 





PIN 
LABELS 


J1aVL WWHDOud Thx) gH SOIASG SOLLENDIS 


The device is shipped with all links Initially intact. Thus, a background of “0” for all Terms, and an “H" for the IN/E and H for the clock option, exists in the table, shown BLANK instead 


for clarity. 
2. Unused Cn Im, and Ps bits are normally programmed Don’t Care (—). 


AAY AWVN YSWOLSND 


NOTES: 


1. 
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3. Unused Transition Terms can be left blank for future code modification, or programmed as (—) for maximum speed. 
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FEATURES 
® Programmable Macro Logic device 


® Full connectivity 
© TTL compatible 


@ SNAP development system: 


~— Supports third-party schematic entry 
formats 


~ Macro library 
~ Versatile netlist format for design 
portability 

— Logic, timing, and fault simulation 
® SLICE development system: 

— Easy to learn and use 

— State or Boolean equation entry 

— Fuse table editor 

— Test vector editor 

— Boolean equation extractor 

~ JEDEC fusemap compiler 

— Upgradeable to SNAP 


@ AMAZE development system: 
— Supports third-party schematic entry 
formats 
~ State or Boolean equation entry 
— Logic, timing, and fault simulation 


© Delay per internal NAND ~ 
function = 6.5ns (typ) _ 


© Testable in unprogrammed state 


© Security fuse allows protection of 
proprietary designs 


PLHS501 


Programmable macro logic 


PML™ 


STRUCTURE 


_@ NAND gate based architecture 


— 72 foldback NAND terms 
© 136 input-wide logic terms 
@ 44 additional logic terms 
@ 24 dedicated inputs (Ip — l23) 
@ 8 bidirectional /Os with individual 
3-State enable: 
- 4 Active-High (B, — B7) 
- 4 Active-Low (By — B3) 
© 16 dedicated outputs: 
— 4 Active-High outputs 
Oo, O; with common 3-State enable 
Oz, O3 with common 3-State enable 
— 4 Active-Low outputs: 
©,, Os with common 3-State enable 
Og, O7 with common 3-State enable 
— 8 Exclusive-OR outputs: 
Xo, X; with common 3-State enable 
Xo, X3 with common 3-State enable 
X4, Xs with common 3-State enable 
X¢, X7 with common 3-State enable 


PML is a trademark of Philips Components—Signetics. 
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DESCRIPTION 

The PLHS501 is a high-density Bipolar 
Programmable Macro Logic device. 
PML incorporates a programmable 
NAND structure. The NAND architecture 
is an efficient method for implementing 
any logic function. The SNAP software 
development system provides a user 
friendly environment for design entry. 
SNAP eliminates the need for a detailed 
understanding of the PLHS501 
architecture and makes it transparent to 
the user. PLHS501 is also supported on 
the Signetics SLICE and AMAZE 
software development systems. 


The PLHS501 is ideal for a wide range 
of microprocessor support functions, 
including bus interface and control 
applications. 
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PIN CONFIGURATION 


A Package 
(52-pin PLCC) 


V7 We M45 tea tas 2 ht ho tp fe Ig Is 


ARCHITECTURE 

The core of the PLHS501 is a programmable 
fuse array of 72 NAND gates. The output of 
each gate folds back upon itself and all other 
NAND gates. In this manner, full connectivity 
of all logic functions is achieved in the 
PLHS501. Any logic function can be created 
within the core of the device without wasting 
valuable I/O pins. Furthermore, a speed 
advantage is acquired by implementing 
multi-level logic within a fast internal core 
without incurring any delays from the I/O 
buffers. 


DESIGN DEVELOPMENT TOOLS 


SNAP 

The SNAP Software Development System 
provides the necessary tools for designing 
with PML. SNAP provides the following: 


¢ Schematic entry netlist generation from 
third-party schematic design packages 
such as OrCAD/SDT HlI™ and 
FutureNet™, 


@ Macro library for standard TTL functions 
and user defined functions 


© Boolean equation entry 
© State equation entry 
@ Syntax and design entry checking 


@ Simulator includes logic simulation, fault 
simulation and timing simulation. 





FutureNet is a trademark of FutureNet Corporation. 
OrCAD/SDT Is a trademark of OrCAD, Inc. 





SNAP operates on an IBM® PC/XT, PC/AT, 
PS/2, or any compatible system with DOS 
2.1 or higher. The minimum system 
configuration for SNAP is 640K bytes of RAM 
and a hard disk. 


SNAP provides primitive PML function 
libraries for third-party schematic design 
packages. Custom macro function libraries 


can be defined in schematic or equation form. 


After the completion of a design, the software 
compiles the design for syntax and 
completeness. Complete simulation can be 
carried out using the different simulation tools 
available. 


The programming data is generated in 
JEDEC format. Using the Device 
Programmer Interface (DPI) module of SNAP, 
the JEDEC fusemap is sent from the host 
computer to the device programmer. 


SLICE 

SLICE, which supports Signetics PLD line, is 
easy to understand and simple to use. Select 
a PLD, assign input and output pins and 
enter the desired equations in either Boolean 
or state form. SLICE then checks the 
equations for errors. It automatically 
generates a JEDEC-format fuse map for 
downloading to a PLD programmer. 


Fully menu driven, SLICE incorporates a fuse 
table editor for making quick modifications to 
the design and a test vector editor for input of 
test vectors. 


IBM is a registered trademark of International Business Machines Corporation. 
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A built-in Boolean equation extractor allows 
existing PLDs to be used as the basis fora 
new design. the extractor reads JEDEC 
information from a PLD and creates a file 
containing the corresponding Boolean 
equations. The result can then be used to 
consolidate several PLD designs into a 
single, denser part. 


And SLICE is upward compatible with 
Signetics extensive design suite, SNAP. 


AMAZE 

The AMAZE PLD Design Software 

development system also supports the 

PLHS501. AMAZE provides the following 

capabilities for the PLHSS01: 

© Schematic entry netlist conversion from 
third-party schematic software 


© Boolean equation entry 
® Logic and timing simulation 
© Automatic test vector generation 


AMAZE operates on an IBM PC/XT, PC/AT, 
PS/2, or any compatible system with DOS 
2.0 or higher. The minimum system 
configuration for AMAZE is 640K bytes of 
RAM and a hard disk. 


AMAZE compiles the design after completion 
for syntax and completeness. Programming 
data is generated in JEDEC format. 


DESIGN SECURITY 

The PLHS501 has a programmable security 
fuse that controls the access to the data 
programmed in the device. By using this 
programmable feature, proprietary designs 
implemented in the device cannot be copied 
or retrieved. 
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PLHS501 FUNCTIONAL BLOCK DIAGRAM 


24 
DEDICATED 
INPUTS 


16 
DEDICATED 
OUTPUTS 
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LP 
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> 
LP 
LP 
lL? 
lL? 
lL 
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ORDERING INFORMATION 


DESCRIPTION ORDER CODE 


52-Pin Plastic Leaded Chip Carrier PLHS501A 


ABSOLUTE MAXIMUM RATINGS? 


SYMBOL PARAMETER 


Pin | Trputeurenis 


NOTE: 

1. Stresses above those listed may cause malfunction or permanent damage to the device. This 
is a stress rating only. Functional operation at these or any other condition above those 
indicated in the operational and programming specification of the device is not implied. . 



















LT 
: 


THERMAL RATINGS VIRGIN STATE 


A factory shipped virgin device contains all 
TEMPERATHRE fusible links open, such that: 
150°C 1. All product terms are enabled. 


Allowable thermal rise 75°C 
ambient to junction 













. All bidirectional (B) pins are outputs. 





2 
3. All outputs are enabled. 
4 


. All outputs are Active-High except 
Bo — By (fusible 1/0) and 04 — 07 which 
are Active-Low. 
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DC ELECTRICAL CHARACTERISTICS 
0°C < Tan < +78°C, 4.75V < Veg < 5.25V 


LIMITS 
SYMBOL PARAMETER TEST CONDITION | MIN. | TYP? | MAX | UNIT 


Input voltage? 


Vi Voc = MIN 0.8 Vv 
Vi Voc = MAX Vv 
Vic Voc =MIN, lin =—-12mA -0.8 -1.2 Vv 


Output voltage 


Voc = MIN 
Low2. 4 lop = 10mMA V 
High?: 5 log =-2mA V 
fe Low —100 HA 
lig High 40 pA 


Output current 


lo(orF) Hi-Z state® Vout = 5.5V 
Vout = 0.45V “ : 
Short circuit? 5: 6 Vout = OV 


a 


Capacitance 














































All typical values are at Voc = 5V, Tanb = +25°C. 

All voltage values are with respect to network ground terminal. 

Test one ata time. 

For Pins 15 — 19, 21 — 27 and 37 — 40, Vo, is measured with Pins 5 and 41 = 8,75V, Pin 43 = OV and Pins 42 and 44 = 4.5V. 
For Pins 28 — 33 and 35 — 36, Vo, is measured under same conditions EXCEPT Pin 44 = OV. 

Vou is measured with Pins 5 and 41 = 8.75V, Pins 42 and 43 = 4.5V and Pin 44 = OV. 

Duration of short circuit should not exceed 1 second. 

Ioc is measured with all dedicated inputs at OV and bidirectional and output pins open. 

Measured at V7 = Vo, + 0.5V. 

Leakage values are a combination of input and output leakage. 


OCONOA FON> 


TEST LOAD CIRCUITS VOLTAGE WAVEFORMS 


INPUTS ,, 


OUTPUTS 


MEASUREMENTS; 
All circuit delays are measured at the +1.5V level 
of inputs and outputs, unless otherwise specified. 


NOTE: 


C4 and Co are to bypass Voc to GND. Input Pulses 
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XA Xf 
PC 


2 
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MACRO CELL SPECIFICATIONS! T,,y, = 0°C to +75°C, 4.75V < Voc < 5.25V, C, = 30pF, Rp = 10009, R; = 4702 
(SNAP Resource Summary Designations in Parantheses) 


Input Buffer 
(DINS50O1 [Non-Inverting], NIN501 [Inverting]) 


x 
"+>? 
symBot [ MIN | TYP | MAX | _UNIT 


pai) feet ee eee 
ate [ noe [aos [200 | asi 


PARAMETER LIMITS a 
SYMBOL To From Typ UNIT ' NOTES 
(Output) (Input) 
teHL X 45 5.5 6.5 ; 7 
tPHL Y 2.5 3 2 
Pe te ae ae She oo sera 


Input Pins: 1— 7, 9— 14, 41 —45, 48 — 52. 
Bidirectional Pins: 15 — 18, 37 — 40. 
Maximum interna! fan—out: 16 p—terms on X or Y. 


NAND Output Buffer with 3-State Control 
(TOUS501) 


TriCtrl 


| PARAMETER LIMITS 
SYMBOL NT UNIT 
(Output) 
teu 8.5 14.0 17.5 
tery 8.5 14.0 16 
Tri-Ctrl 8.5 15 18.5 
Tri-Ctrl 8.5 12.5 17.0 


Output Pins: 24 — 27. 


Internal Foldback NAND 
(FBNAND) 


Input Output 


symeo. |WIN] TP [WAX | UNM 
yaa [005 | 01 | 018 | aslptomm | 
[Bins [00 | -008 [01 | osiprem | 


|} PARAMETER | LIMITS 
SYMBOL UNIT - NOTES 
(outpu [i [tw Poe 
teHL 68 | 


Maximum internal a of 16 terms. 
Notes are on following page. 
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MACRO CELL SPECIFICATIONS (Continued) Tan = 0°C to +75°C, 4.75V < Voc < 5.25V, C= 30pF, R2 = 10009, Ry = 4702 
(SNAP Resource Summary Designations in Parantheses) 


AND Output Buffer with 3-State Control 
(NOUS501) 


Tri-Ctrl 


ee | eT 
SYMBOL 
‘oun 
tpHL Output 8.0 
tPLH Output 8.0 
Tri-Ctrl 8.5 
Tri-Ctrl 8.5 


NAND Output Buffer 
({OUT501) 


ee | fe | ETER 
SYMBOL oa 
se (Input) 
teHt 
tPLH 


Bidirectional [8 37 — 40. 


Ex-OR Output Buffer 
(EXO501) 


PARAMETER LIMITS 
SYMBOL 


Tri-Ctrl 
Tri-Ctri 


Ex—OR Output Pins: 28 — 33. 





NOTES: 

1. Limits are guaranteed with internal feedback buffers simultaneously switching cumulative maximum of eight outputs. 

2. For 3-State output; output enable times are tested with C_ = 30pF to the 1.5V level, and S, is open for high-impedance to High tests and 
closed for high-impedance to Low tests. Output disable times are tested with C, = 5pF. High-to-High impedance tests are made to an output 
voltage of V7 = (Voy — 0.5V) with S; open, and Low-to-High impedance tests are made to the V7 = (Vo, + 0.5V) level with S, closed. 
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PLHS501 GATE AND SPEED ESTIMATE TABLE 


INTERNAL NAND 
FUNCTION EQUVALENT TYPICAL tpp tia | COMMENTS 


Gates 












For 1 to 32 input variables 
For 1 to 32 input variables 
For 1 to 32 input variables 
For 1 to 32 input variables 

















Inverted inputs available 
Inverted inputs available 
Inverted inputs available (24 chip outputs only) 


3-to-8 
4-to-16 
5-to-32 









Encoders 






inverted inputs, 2 logic levels 
Inverted inputs, 2 logic levels 
Inverted inputs, 2 logic levels, factored solution. 






Multiplexers 





Inverted inputs available 














Can address only 27 external inputs - more if internal 








Flip-Flops 








With asynchronous S-R 
With asynchronous S-R 
With asynchronous S-R 


D-type Flip-Flop 
T-type Flip-Flop 
J-K-type Flip-Flop 


Adders 


Barrel Shifters 


Latches 
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APPLICATIONS 


a 
r comer 


CLOCK 
ORIGINATION 


ADDRESS, DATA, 
CONTROL AND PARITY 


ARBITRATION 


TRANSCEIVER 
CONTROL 


Block Diagram of Basic POS Implementation in PLHS501 





NuBus fs a trademark of Texas Instruments, Inc. 
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FEATURES 
® Programmable Macro Logic 


@ Full connectivity 


® Delay per internal NAND 
function = 6.5ns 


® Clock frequency = 40MHz 
Operating frequency = 33MHz 
© SNAP development system eases 
design 
~ Supports third-party schematic entry 
formats 


— Macro library 
— Versatile netlist format for design 
portability 

— Logic, timing, and fault simulation 
© SLICE development system: 

— Easy to learn and use 

— State or Boolean equation entry 

— Fuse table editor 

— Test vector editor 

— Boolean equation extractor 

— JEDEC fusemap compiler 

— Upgradeable to SNAP 


© TTL compatible 


© Security fuse allows protection of 
proprietary designs 


© Testable in unprogrammed state 





PLHS502 


Programmable macro logic 


PML™ 


STRUCTURE 


@ NAND gate based architecture 


— 64 foldback NAND terms 
® 80 additional logic terms 
® 160 inputs per logic term 
® 20 dedicated inputs 
© 4 programmable input/clock inputs 
® 8 independent clocks 
— 4 from input/clock pins 
- 4from NAND array 
® 8 bidirectional /Os 
® 16 dedicated outputs 
— 8 Active-High outputs 
— 4 outputs with programmable 
polarity 
— 43-State outputs with 


programmable polarity and 
independent 3-State control 


© 16 buried flip-flops 
- 8Dtype 
- 8S-R type 

© Power-on preset ot logic ‘1’ of all 
flip-flops 


PML is a trademark of Philips Components—Signetics 
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DESCRIPTION 

The Signetics PML family of PLDs 
provides the capability to create fast and 
cost effective solutions for a number of 
microprocessor interface and control 
applications. PML incorporates the 
unique feature of a programmable 
NAND structure as the basis of its 
architecture. 


The PLHS502 is a high-density Bipolar 
Programmable Macro Logic Device. The 
folded NAND array combined with 
embedded I/O flip-flops allows for both 
timing control, wide decoders, 
multiplexers, and system input and 
output bus latches to be combined onto 
one device. 


APPLICATIONS 
@ VRAM controllers 


@ DRAM/SRAM controllers 
® Multiple state machines 
® Timing control 


© Error detection/correction 
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PIN CONFIGURATION 


A Package (68-Pin PLCC) 
3 
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ARCHITECTURE 

The core of the PLHS502 is a programmable 
fuse array of 64 NAND gates and 16 buried 
flip-flops. The output of each gate and flip- 
flop folds back upon itself and all other NAND 
gates and flip-flops. In this manner, full 
connectivity of all logic functions is achieved 
in the PLHS502. Any logic function can be 
created within the core of the device without 
wasting valuable I/O pins. Furthermore, a 
speed advantage is acquired by 
implementing multi-level logic within a fast 
internal core without incurring any delays 
from the I/O buffers. 


Buried Flip-Flops 

The 16 buried flip-flops can be connected to 
the input or output structures through the 
NAND array. Intricate state machine designs 
can be implemented within the core without 
any unnecessary delays from the input or 
output buffers. Each flip-flop can be realized 
as an input or output register with no 
constraints. 


The Clock Array 

There are a combination of 26 possible inputs 

to the ‘Clock Array’: 

— 2 are directly from the input pins fed 
through an inverting buffer. 


FutureNet ts a trademark of FutureNet Corporation. 
OrCAD/SDT is a trademark of OrCAD, Inc. 





— 4 clock inputs with selectable polarity 
directly from 2 input pins. 


— 4 inputs from 4 individual NAND terms. 


— 16 inputs from the ‘Q' outputs of the flip- 
flops. 


The wide selection of clocking options offers 
the user the capacity to create custom and 
independent clock functions for the flip-flops. 
This together with the full connectivity of the 
device, offers the capability to inplementa 
variety of synchronous and asynchronous 
state machines. Another possible application 
is implementing multi-phase designs such as 
pipe-lined processing. 


DESIGN DEVELOPMENT TOOLS 


SNAP 

The SNAP Software Development System 

provides the necessary tools for designing 

with PML. SNAP provides the following: 

© Schematic entry netlist generation from third- 
party schematic design packages such as 
OrCAD/SDT™ and FutureNet™. 


© Macro library for standard TTL functions and 
user defined functions 


© Boolean equation entry 


IBM ts a registered trademark of international Business Machines Corporation. 
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© State equation entry 
@ Syntax and design entry checking 


© Simulatorincludes logic simulation, fault sim- 
ulation, and timing simulation. 


SNAP operates on an IBM® PC/XT, PC/AT, 
PS/2, or any compatible system with DOS 
2.1 or higher. A minimum of 640K bytes of 
RAM is required together with a hard disk. 


SNAP provides primitive PML function 
libraries for third party schematic design 
packages. Custom macro function libraries 
can be defined in schematic or equation form. 


After the completion of a design, the software 
compiles the design for syntax and 
completeness. Complete simulation can be 
carried out using the different simulation tools 
available, 


The programming data is generated in 
JEDEC format. Using the Device 
Programmer Interface (DPI) module of SNAP, 
the JEDEC fusemap is sent from the host 
computer to the device programmer. 


SLICE 

SLICE, which supports Signetics PLD line, is 
easy to understand and simple to use. Select 
a PLD, assign input and output pins and 
enter the desired equations in either Boolean 
or state form. SLICE then checks the 
equations for errors. It automatically 
generates a JEDEC-format fuse map for 
downloading to a PLD programmer. 


Fully menu driven, SLICE incorporates a fuse 
table editor for making quick modifications to 
the design and a test vector editor for input of 
test vectors. 


A built-in Boolean equation extractor allows 
existing PLDs to be used as the basis for a 
new design. the extractor reads JEDEC 
information from a PLD and creates a file 
containing the corresponding Boolean 
equations. The result can then be used to 
consolidate several PLD designs into a 
single, denser part. 


And SLICE is upward compatible with 
Signetics extensive design suite, SNAP. 


DESIGN SECURITY 

The PLHS502 has a programmable security 
fuse that controls the access to the data 
programmed in the device. By using this 
programmable feature, proprietary designs 
implemented in the device cannot be copied 
or retrieved. 
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PLHS502 FUNCTIONAL BLOCK DIAGRAM 


24 
DEDICATED 
INPUTS 


16 
DEDICATED 
OUTPUTS 


8 
D FUP-FLOPS 


WITH 
INDEPENDENT 
CLOCKS 


S-R FUP- 
FLOPS WITH 
INDEPENDENT 
CLOCKS 
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FUNCTIONAL DIAGRAM 
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Product Specification 


~PLHS502 





x2’ 
CLK, loy/CLK | Jo-Let lt | 
ko! 24 i 


Ig/CLK, lag/CLK L fee tT 


PY 


CMTC 


aT 


PE 


Pee TTT 


Ga 
meg 
ea 


re ET 


a 
| 


_— 


TEST LOAD CIRCUITS 


NOTES: 
C1 and C2 are to bypass Vcc to GND. 
Tamb = 0°C to +75°C, 4.75 < Voc < 5.25V, Ry = 4702, R, = 10002, Cy = 30pF 
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VOLTAGE WAVEFORMS 


MEASUREMENTS: 
All circuit delays are measured at the +1.5V level of 
inputs and outputs, unless otherwise specified, 


Input Pulses 
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ORDERING INFORMATION THERMAL RATINGS 


DESCRIPTION ORDER CODE TEMPERATURE 
68-Pin Plastic Leaded Chip Carrier PLHS502A 


ABSOLUTE MAXIMUM RATINGS! 


Allowable thermal rise 75°C 
| __RATINGS ambient to junction 
SYMBOL PARAMETER | MAX | 


Supply voltage eee VIRGIN STATE 

Input voltage eo call A tactory shipped virgin device contains all 

Output voltage Pe ll fusible links open, such that: 
1. All bidirectional (B) pins are outputs. 

| tw | Inputcurrents | 
















2. All outputs are enabled. 
Output currents 


Operating temperature range 
Storage temperature range 


NOTE: 

1. Stresses above those listed may cause malfunction or permanent damage to the device. This 
is a stress rating only. Functional operation at these or any other condition above those 
indicated in the operational and programming specification of the device is not implied. 


3. All outputs are Active-Low except 
Op — O7, which are Active-High. 





DC ELECTRICAL CHARACTERISTICS 
O°C < Tam < +75°C, 4.75V < Voc < 5.25V 


LIMITS 
SYMBOL PARAMETER TEST CONDITION | MIN | TyPt | MAX | UNIT 
















Input voltage” 

Vir Low Voc = MIN Vv 
Vin High Voc = MAX Vv 
Vic Clamp? Voc = MIN, lin =—12mA d V 





Output voltage 


VoL Low? 
Vou High? 
he Low 
lin High 


Output current 










Hi-Z state 






lo(orF) 






Vout = 0.45V 
Short circuit Vout = 0V 


los 
| tec | Vocsupplycurent =] ec= MAX | | 400 | ma 


Capacitance 
Cw Input pF 
Cg vO pF 
NOTES: co 
1. All typical values are at Voc = 5V, Tamb = +25°C. 


2. All voltage values are with respect to network ground terminal. 
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MACRO CELL A.C. SPECIFICATIONS (SNAP Resource Summary Designations in Parentheses) - 
Input Buffer 


(DIN502, CDIN502, BDIN502 
NIN502, CNIN502, BNIN502) 


x 

iC}+To7 
[sympo. [ min | typ | max | oun | 
| ava | 005 | 01 | ots | nsipterm | 


[PARAMETER =| sLIMITS. Ss 
SYMBOL UNIT NOTES 


= 


Input Pins: 1, 2, 4-8, 10, 11, 13, 14, 17, 18, 53, 56-59, 61, 62, 64-66, 68. 
Bidirectional Pins: 19, 22-25, 27, 28, 30. 
Limit of 16 NAND terms for Input Buffer (X and Y) and Internal Foldback NAND (Y). 


NAND Output Buffer with 3-State Control 
(TOU502) 


Tri-Ctrl De i 


PARAMETER 


SYMBOL 
iearcath 
tPHL 
teLH 


Internal Foldback NAND 
(FBNAND) 


| UNIT 


UNIT NOTES 


With 0 p-term load 
With 0 p-term load 


Limit of 16 NAND terms for an Buffer (X and Y) and Internal Foldback NAND (Y). 
Note on following page. 
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MACRO CELL A.c. SPECIFICATIONS (Continued) (SNAP Resource Summary Designations in Parentheses) 


3-State Output with Programmable Polarity 
(TEXO502) 


Output with Programmable Polarity 
(EXO502) 


Programmable 
Connection 


ee | ETER 
SYMBOL 
se 


teHL 
tPLH. 
Output Pins: Ee 42, 44, 45. 


Output Buffer 
(NOUS02) 


ae] Ee 
SYMBOL _—_maraveren —_| 
ee (Input) 
tPHL 
tPLH 


Output Pins: 31, ot 34-36, 38-40. 





NOTE: 

1. For 3-State output; output enable times are tested with C, = 30pF to the 1.5V level, and S; is open for high-impedance to High tests and 
closed for high-impedance to Low tests. Output disable times are tested with C, = 5pF. High-to-High impedance tests are made to an output 
voltage of Vr = (VoH — 0.5V) with S, open, and Low-to-High impedance tests are made to the Vr = (VoL + 0.5V) level with S, closed. 
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D FLIP-FLOP (SNAP Resource Summary Designation = DFF502) 


[ora 


7 

LMITS 

SYMBOL — TYP 
oe 


NOTES: 
1. Setup and Hold times are with reference to rising edge of 
(OUTPUT) CK1, CK2, and CK3. 


2. Limit of 16 Logic terms load on Q and @. 
3. tp = period; ty = positive pulse width. 


_ 
™N 
o 
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S-R FLIP-FLOP (SNAP Resource Summary Designation = RSF502) 


NOTE: 
Qo, Uo represent previous stable condition of Q, 7. 


1. Setup and Hold times are with reference to rising edge of 
CK1, CK2, and CK3. 


2. Limit of 16 Logic terms load on Q and @. 
3. tp = period; ty = positive pulse width. 


LIMITS 
SYMBOL NOTES 


ain |e [wa 
Pow [20s [os | os [rafooronr5 | 
[eo [oor | on ore | erotonas 


ee 
ns/| ee Tico 
Cae [oo for [oe 
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SNAP RESOURCE SUMMARY DESIGNATIONS 


2 
leg /CLK, lpycLk [}4—T 


n2/CLK, lagiCLK []}}-#7 3] 
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PLHS502 GATE AND SPEED ESTIMATE TABLE 


INTERNAL NAND 
FUNCTION EQUVALENT TYPICAL tpp fae | COMMENTS 


Gates 
Macro Flip-Flops 


D-Type Flip-Flop N/A 40MHz Total budget = 8 
SR-Type Flip-Flop N/A 40MHz Total budget = 8 


Gate Implemented Flip-Flops 












For 1 to 32-pin input variables 
Additional internal inputs can be used as needed 
Additional internal inputs can be used as needed 
Additional internal inputs can be used as needed 




























D-Type Flip-Flop 
T-Type Flip-Flop 
J-K-Type Flip-Flop 

Transparent-D Latch 
S-R Latch 


Decoders 


With asynchronous S-R 
With asynchronous S-R 
With asynchronous S-R 
With asynchronous S-R 
With asynchronous S-R 

















Inverted inputs available 
Inverted inputs available 
Inverted inputs available (24 chip outputs only) 









Encoders 






Inverted inputs, 2 logic levels 
Inverted inputs, 2 logic levels 
Inverted inputs, 2 logic levels 










Multiplexers 






Inverted inputs available 
Inverted inputs available 
Inverted inputs available 


Can address only 27 external inputs - more if internal 
only. This disallows clock inputs to flip-flop. 








PLHS502 Rough Resource Budget = 64 NANDs, 8 D, 8 SR, 24 inputs, 16 outputs, 8 bidirectionals. 


APPLICATIONS 


PARALLEL DATA OUT 


SERIAL DATA IN 


3-BIT COUNTER q RECEIVE CLOCK 


3-BIT COUNTER q TRANSMIT CLOCK 


SERIAL DATA OUT 


LOAD/SHIFT PARALLEL DATA IN 


40MHz Synchronous Receiver/Transmitter 
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APPLICATIONS (Continued) 





DATA 4 DATA 3 DATA 2 DATA 1 


4 x 4 Content Addressable Memory (Address valid to Hit Time = 20ns) 
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FEATURES 
© Delay per internal NAND function = 
4.5ns (typ) 
@ SNAP development system 
~— Supports third-party schematic entry 
formats 
— TTL macro library 
— Versatile netlist format for design 
portability 
~ Logic, timing, and fault simulation 
~ Test vector generation 
® SLICE development system: 
— Easy to learn and use 
~ State or Boolean equation entry 
~ Fuse table editor 
— Test vector editor 
~ Boolean equation extractor 
~ JEDEC fusemap compiler 
- Upgradeable to SNAP 


® Full connectivity, no place and route 
restrictions 
® Security fuse for copy protection 


® 68-pin PLCC package 





Date of Issue 










STRUCTURE 
® 86 foldback terms 
— 78 foldback NAND terms 
— 8 foldback Exclusive-OR terms 
© 166 input wide logic terms 
@ 64 additional logic terms 
© 28 dedicated inputs 
® 12 bidirectional pins with Active-High 


output and independent 3-State 
control 


® 12 dedicated Active-High outputs with 
independent 3-state control 


@PAL is a registered trademark of Advanced Micro Devices, Inc. 


PLHS601 


Programmable macro logic 


PML 


DESCRIPTION 

The Philips Components~Signetics 
Programmable Macro Logic (PML) 
family of PLDs provides the capability to 
create fast and cost effective solutions 
for general purpose logic integration, 
microprocessor bus interface and 
control applications. PML incorporates 
wide-input NAND gates as the core of its 
architecture. With this architecture, 
multiple levels of logic can be realized 
within the device without wasting 
valuable I/O pins. Any combinatorial 
logic function can be implemented with 
no more than two gate levels. The 
un-committed NAND gates allow 
efficient implementation of flip-flops, 
latches, registers, and counters of any 
type, all with predictable delays. 
Furthermore, full connectivity among the 
different macros within the device 
eliminates the route and place 
restrictions associated with high density 
programmable gate arrays. 


The PLHS601 is a high-density bipolar 
PML device. The PLHS601 is a powerful 
solution to eliminate wait states and 
create cost-effective microprocessor 
support circuitry. 
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APPLICATIONS 
© Low-end gate array replacement 


© High speed wide address decoders 
© Wide multiplexers and decoders 
® Bus arbitration functions 


® General purpose logic integration and 
microprocessor support logic 


® PAL® and glue logic replacement 


ARCHITECTURE 

The core of the PLHS601 is a 
programmable fuse array of 78 folded 
NAND gates and 8 folded Exclusive-OR 
gates. The output of each gate folds 
back upon itself and all other gates. In 
this manner, full connectivity of all logic 
functions is achieved. Any logic 
functions can be implemented within the 
core of the device without wasting 
valuable I/O pins. Furthermore, a speed 
advantage is achieved by creating 
multiple levels of logic within the folded 
core without incurring any delays from 
the I/O buffers. 
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DESIGN DEVELOPMENT TOOLS 


SNAP 

The SNAP Software Development System 
provides the necessary tools for designing 
with PML. SNAP provides the following: 


® Schematic entry netlist generation from 
third-party schematic design packages 
such as OrCAD/SDT III™ and 
FutureNet™. 


® Macro library for standard TTL functions 
and user defined functions 


® Boolean equation entry 
© State equation entry 
® Syntax and design entry checking 


© Simulator includes logic simulation, fault 
simulation, automatic test vector 
generation, and timing simulation. 


® Resource summary 


FUNCTIONAL DIAGRAM 


Seite tlall 


: 
C 





FutureNet is a trademark of FutureNet Corporation. 
OrCAD/SDT is a trademark of OrCAD, Inc. 


SNAP operates on an !BM® PC/XT, PC/AT, 
PS/2, or any compatible system with DOS 
2.1 or higher. The minimum system 
configuration for SNAP is 640K bytes of RAM 
and a hard disk. 


SNAP provides primitive PML function 
libraries for third-party schematic design 
packages. Custom macro function libraries 
can be defined in schematic or equation form. 


After the completion of a design, the software 
compiles the design for syntax and 
completeness. Complete simulation can be 
carried out using the different simulation tools 
available. 


The programming data is generated in 
JEDEC format. Using the Device 
Programmer Interface (DPI) module of SNAP, 
the JEDEC fusemap is sent from the host 
computer to the device programmer. 


IBM is a registered trademark of International Business Machines Corporation. 
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SLICE 

SLICE, which supports Signetics PLD line, is 
easy to understand and simple to use. Select 
a PLD, assign input and output pins and 
enter the desired equations in either Boolean 
or state form. SLICE then checks the 
equations for errors. It automatically 
generates a JEDEC-format fuse map for 
downloading to a PLD programmer. 


Fully menu driven, SLICE incorporates a fuse 
table editor for making quick modifications to 
the design and a test vector editor for input of 
test vectors. 


A built-in Boolean equation extractor allows 
existing PLDs to be used as the basis fora 
new design. the extractor reads JEDEC 
information from a PLD and creates a file 
containing the corresponding Boolean 
equations. The result can then be used to 
consolidate several PLD designs into a 
single, denser part. 


And SLICE is upward compatible with 
Signetics extensive design suite, SNAP. 
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PLHS601 FUNCTIONAL BLOCK DIAGRAM 
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DEDICATED 
INPUTS 
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T 
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12 
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September 21, 1990 437 


Philips Components—Signetics Programmable Logic Devices Product Specification 





Programmable macro logic PLHS601 





PIN CONFIGURATION 


A Package (68-Pin PLCC) 





ORDERING INFORMATION 


DESCRIPTION ORDER CODE 
68-Pin Plastic Leaded Chip Carrier PLHS601A 


ABSOLUTE MAXIMUM RATINGS? 


RATINGS 
SYMBOL PARAMETER 


| MIN, | 
0 
Tinputvotage «dCi 
| Oupuwatage Si id 
Toupureunents iY *t 00 | 
[Operating tonperstrerenge | 0 | 75_| 0 _| 
NOTE: 


1. Stresses above those listed may cause malfunction or permanent damage to the device. This 
is a stress rating only. Functional operation at these or any other condition above those 
indicated in the operational and programming specification of the device is not implied. 





THERMAL RATINGS VIRGIN STATE 


A factory shipped virgin device contains all fus- 
ible links open, such that: 
1. All product terms are enabled. 


All bidirectional (B) pins are outputs. 
All outputs are enabled. 
All outputs are Active-HIGH. 





» OR 
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DC ELECTRICAL CHARACTERISTICS 
O°C < Tamb < +75°C, 4.75V < Voc < 5.25V 


LIMITS 
SYMBOL PARAMETER TEST CONDITION | MIN. | TyPt | MAX | UNIT 


Input voltage? 


Vit Vcc = MIN V 
Vin j Voc = MAX Vv 
Vic . Voc =MIN, lin =-12mA -0.8 Vv 


Output voltage 


Voc = MIN 
VoL Low? lot = 10mA Vv 
Vou High? lon =-2mA 2.4 Vv 
Voc = MAX 
he Low Vin = 0.45V -100 pA 
by High Vin = 5.5V 40 pA 


Output current 


Voc = MAX 
lo(oFF) Hi-Z state® Vout =5.5V 
Vout = 0.45V “1 
Short circuit: 4 Vout = OV 


| essen a] ae ema 


Capacitance 
pF 
pF 



















































NOTES: 

All typical values are at Voc = 5V, Tanb = +25°C. 

All voltage values are with respect to network ground terminal. 

Test one ata time. 

Duration of short circuit should not exceed 1 second. 

Icc is measured with all dedicated inputs at OV and bidirectional and output pins open. 
Leakage values are a combination of input and output leakages. 


Oakonw- 


TEST LOAD CIRCUITS VOLTAGE WAVEFORMS 


FL AE 


2.5ns 
+3.0V 


2.5ns 


iciaiikiinaes 
All circuit delays are measured at the +1.5V level 
NOTE: of inputs and outputs, unless otherwise specified. 


Cy and Co are to bypass Vcc to GND. Input Pulses 
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MACRO CELL SPECIFICATIONS 
Tamb = 0°C to +75°C, 4.75V < Voc < §.25V, C, = 30pF, Re = 1000, Ry = 4702 
(SNAP Resource Summary Designations in Parentheses) 


Input Buffer 
(DIN601, NIN601) 


ic}? 


Pata [00s [01 | ois | asipiem 


PARAMETER LIMITS 
SYMBOL To From UNIT NOTES 
— (Input) 


Input Pins: 1-2, 4—8, 10— 11, 13-15, 17 — 19, 52 — 53, 55 — 59, 61 — 62, 64 — 66, 68. 
Bidirectional Pins: 21 — 25, 27 — 28, 30 - 32, 34 ~35. 
Maximum internal fan-out: 16 p-terms on X or Y. 


Internal Foldback NAND 
(FBNAND) 


“005 


| PARAMETER | PARAMETER race a 
SYMBOL To UNIT NOTES 
ra | 


Roe 





Maximum pe) loading of 16 terms. 
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MACRO CELL SPECIFICATIONS (Continued) 
Tamb = 0°C to +75°C, 4.75V < Voc < 5.25V, C, = 30pF, Ro = 10009, R; = 4702 
(SNAP Resource Summary Designations in Parentheses) 


Non-Inverting Output Buffer with 3-State Control 
(NOU601) 


Tri-Crl 


| PARAMETER LIMITS 
SYMBOL UNIT 
iourcan 


teu Output 
tery Output 
toe) Out Tri-Ctrl . 
top! Out Tri-Ctrl 
Bidirectional and Output Pins: 19, 21, 22, 23, 15 — 18. 


Internal Ex-OR Feedback Terms 
(EXO601) 


LIMITS 


as 
cr A 


esis ETER LIMITS 


SYMBOL 
ee 
tet AorB 
teLy AorB 
NOTE: 
1. For 3-State output; output enable times are tested with C_ = 30pF to the 1.5V level, and S, is open for high-impedance to High tests and 


closed for high-impedance to Low tests. Output disable times are tested with C, = 5pF. High-to-High impedance tests are made to an output 
voltage of Vr = (VoH — 0.5V) with S; open, and Low-to-High impedance tests are made to the V7 = (Vo, + 0.5V) level with S, closed. 
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PLHS601 GATE AND SPEED ESTIMATE TABLE 


INTERNAL NAND 
FUNCTION EQUVALENT TYPICAL tpp fas | COMMENTS 


For 1 to 40 input variables 
For 1 to 40 input variables 
For 1 to 40 input variables 
For 1 to 40 input variables 
























Decoders 






3-to-8 Inverted inputs available 
4-to-16 Inverted inputs available 
§-to-32 Inverted inputs available (24 chip outputs only) 







Encoders 












Inverted inputs, 2 logic levels 
Inverted inputs, 2 logic levels 
Inverted inputs, 2 logic levels, factored solution. 







Multiplexers 








Inverted inputs available 


Flip-Flops 
D-type Flip-Flop 


T-type Flip-Flop 
J-K-type Flip-Flop 


Adders 


Barrel Shifters 


Latches . 















With asynchronous S-R 
With asynchronous S-R 
With asynchronous S-R 
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APPLICATIONS 


MASTER 


MODULE MODULE 
SPECIFIC SPECIFIC 


| ARBITRATION PLHS601 


CLOCK 
ORIGINATION 


ADDRESS, DATA, 
CONTROL AND PARITY 


ARBITRATION 


DATA OUTPUT 


OCTAL 
3to1 
MULTIPLEXER 


Block Diagram of Basic POS Implementation in PLHS601 








NuBus is a trademark of Texas Instruments, Inc. 
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PROGRAMMING 


Refer to the following charts for qualified manufacturers of programmers and software tools: 


PROGRAMMER MANUFACTURER PROGRAMMER MODEL FAMILY/PINOUT CODES 


DATA !/O CORPORATION UNISITE 40/48 

10525 WILLOWS ROAD, N.E. V3.1 O1COBB* (with adaptor) 
P.O. BOX 97046 Pinsite — V3.1 O1COBC (with pinsite) 
REDMOND, WASHINGTON 98073-9746 


(800)247-5700 


STREBOR DATA COMMUNICATIONS PLP-S1A Programmer 
1008 N. NOB HILL MP68CC Adaptor 
AMERICAN FORK, UT 84003 


(801)756—3605 





* Needs a 40-pin DIP to 68-pin PLCC adaptor that is available from Emulation Technology. 
Part Number: AS-68—40-01P-6 


EMULATION TECHNOLOGY, INC. 
2368B Walsh Avenue, Bivd. D 
Santa Clara, California 95051 
Telephone No. (408) 982-0660 
Fax. No. (408) 982-0664 


SOFTWARE MANUFACTURER 


PHILIPS COMPONENTS-SIGNETICS 
811 EAST ARQUES AVENUE 

P.O. BOX 3409 

SUNNYVALE, CALIFORNIA 94088-3409 


DEVELOPMENT SYSTEM 


SNAP SOFTWARE 
REV. 1.4 AND LATER 















(408)991-2000 
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FEATURES 

® Full connectivity 

@ Erasable version and one time 
programmable version available 

@ Scan test 

@ Power down mode 

@ Power on reset 

@ 100% testable 


© SNAP development system 
— Supports third-party schematic entry 
formats 
— TTL Macro library 
~ Versatile netlist format for design 
portability 
— Logic, timing, and fault simulation 
@ SLICE development system: . 
— Easy to learn and use 
- State or Boolean equation entry 
_ + Fuse table editor 
— Test vector editor 
~ Boolean equation extractor 
~ JEDEC fusemap compiler 
— Upgradeable to SNAP 


© Power dissipation (TTL) = 630mW 
© Power dissipation (CMOS) = 525mW 


© Power dissipation (Power-Down 
mode) = 52mW 


@ Security fuse for copy protection 
© Reprogrammable 


PAL is a registered trademark of Advanced Micro Devices, Inc. 


NuBus is a trademark of Texas Instruments, inc. 





PML2552 


Programmable macro logic 


PML 


PROPAGATION DELAYS 
@ Delay per internal NAND gate 
= 12ns (typ) 


@ 50MHz flip-flop toggle rate 


APPLICATIONS 


© Low-end gate array replacement 

© Instrumentation 

® Bus arbitration functions 

@ Wide multiplexers and decoders 

® Multiple independent state machines 


® General purpose logic integration and 
microprocessor support logic 


® PAL® and glue logic replacement 


DESCRIPTION 

The Philips Components-—Signetics PML 
family of PLDs provides “instant gate 
array” capabilities for general purpose 
logic integration applications. The 
PML25582 is the first high density 
CMOS-PML product. Fabricated with 
the Philips Components—Signetics 
high-performance EPROM process, it is 
an ideal way to reduce NRE costs, 
inventory problems and quality 
concerns. The PML25582 incorporates 
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the PML folded NAND array architecture 
which provides 100% connectivity to 
eliminate routing restrictions. What 
distinguishes the PML2552 from the 
“classic” PLD architectures is its 
flexibility and the potent flip-flop building 
blocks. The device utilizes a folded 
NAND architecture, which enables the 
designer to implement multiple levels of 
logic on a single chip. The PML2552 
eliminates the NRE costs, risks, and 
hard to use design tools associated with 
semicustom and full custom 
approaches. It allows the system 
designer to manage reliable 
functionality, in less time and space plus 
a faster time to market. The PML2552 is 
ideal in todays instrumentation, 
industrial control, EISA, NuBus™, bus 
interface and dense state machine 
applications in conjunction with the 
state-of-the-art CMOS processors. It is 
capable of replacing large amounts of 
TTL, SSI and MSI logic and literally 
allows the designer to build a system on 
the chip. 


The SNAP development software gives 
easy access to the density and flexibility 
of the PML2552 through a variety of 
design entry formats, including 
schematic, logic equations, and state 
equations in any combination. 
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FUNCTIONAL BLOCK DIAGRAM 


16 
. INPUT 
D FLIP-FLOPS 
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13 DEDICATED 
INPUTS 


FOLDED 
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ARRAY 


10 
JK FUP-FLOPS 
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CLK 


10 
JK FLIP-FLOPS 
WITH 
DISTINCT 
CLKS 
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LOGIC DIAGRAM 


Vo15 
(SCAN OUT) 


08 - 


(SCAN CLOCK) 
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STRUCTURE 

® 112 possible foldback NAND gates: 
— 96 internal NAND 
- 16 from the I/O macros 


® 114 additional logic terms 


® 53 possible inputs (with programmable 
polarity) 
~- 29 dedicated inputs 
- 24 bidirectional I/Os 


@ 24 bidirectional pins 

® 52 flip-flops 

© 24 possible outputs with individual Output 
Enable control (8 with programmable 
polarity) 

® Multiple independent clocks 


© 20 Buried JK-type flip-flops with foldback 
(JKFFs): 
- 10 JKFFs with one shared preset signal 
and one shared clocked signal 
originating from the clock array. 


— 10 JKFFs with 10 independent clock 
signals originating from the clock array 
and 10 independent clear signals 


® 258 inputs per NAND gate 


® Bypassable Input D-type flip-flop 
(DFFs)/Combinatorial Inputs: 
~- 16 OFFs/combinatorial inputs 
— DFFs clocked in two grcups of eight 
~ DFFs not bypassed in unprogrammed 
state 


— Independent bypass fuse on each DFF 


® Inputs/bypassable D-type flip-flop 
outputs/foldback NAND gates: 


- 16 output DFFs/combinatorial 
inputs/outputs with individual Output 
Enable control 


~ DFFs clocked in two groups of eight 


— DFFs not bypassed in unprogrammed 
state 


— Independent bypass fuse on each DFF 
— The DFF can be used as an internal DFF 
or an internal foldback NAND gate. 
® Combinatorial inputs: 


~ 9 dedicated inputs to the NAND array 

— 3 inputs optional to NAND array and/or 
clock array 

— 1 input optional to NAND array and/or 
clock array, and/or clock of Input D 
Flip-Flops (Group B) 


September 20, 1990 


® Separate clock array: 


— Separate clock array for JKFFs clock 
inputs 

— 4 inputs to clock array originated from 
NAND array 

- 4 inputs (with programmable polarity) 
directly from input pins 

- 10 inputs from Q outputs of JKFFs with 
clear 


® Dedicated clocks: 


— One dedicated clock for input DFFs 
(Group A) 
- Two dedicated clocks for output DFFs 


® Scan test feature: 


- Scan chain is implemented through the 
20 buried JKFFs and 16 output DFFs 

- Pins SCI, SCM, and CKE1 are used to 
operate the scan test 


® Power down mode 


- Dedicated pin (PD) freezes the circuit 
when brought to logic “1". The circuit 
remains in the same state prior to the 
logic “O” to logic “1” transition of the “PD” 
pin. 

~ When in the power down mode, the SCI 
pin acts as the 3-State pin for the 24 
outputs. 


© Power on reset: 


— All flip-flops (16 input DFFs, 20 buried 
JKFFs, and 16 output DFFs) are reset to 
logic “O" after Voc power on. 


ARCHITECTURE 

The core of the PML2552 is a programmable 
NAND array of 96 NAND gates and 20 buried 
JKFFs. The output of each NAND gate folds 
back upon itself and all other NAND gates 
and flip-flops. The ‘Q’ and '@ output of each 
flip-flop also folds back in the same manner. 
Thus, total connectivity of all logic functions is 
achieved in the PML2552. Any logic function 
can be created within the core without wast- 
ing valuable 1/O pins. Furthermore, a speed 
advantage is acquired by implementing 
multi-level logic within a fast internal core 
without incurring any delays from the /O 
buffers. Figure 1 shows the functional block 
diagram of the PML2552. 


Macro Cells 

There are 16 bypassable DFFs on the input 
to the NAND array. These flip-flops are split 
in two banks of 8 (Bank A and Bank B). Each 
bank of flip-flops has a common clock. In the 
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unprogrammed state of the device the flip- 
flops are active. In order to bypass any DFF, 
its respective bypass fuse (BFA) must be 
programmed. 


The 16 I/O pins (!O9 - 1045) and their 

respective D flip-flop macros can be used in 

any one of the following configurations: . 

1. As combinatorial input(s). 
Each of the 16 3-State outputs can be 
individually disabled by the associated 
NAND term and the pin is used as an 
inverting or non-inverting input. 

2. As registered DFF outputs. 
These DFFs are split into two banks of 8, 
and each bank is clocked separately. The 
bypass fuse BFB, (see PML2552 Logic 
Diagram) is used to bypass any one of 
these DFFs. The flip-flops are all active in 
an unprogrammed device. 

3. As combinatorial outputs. 
By programming the bypass (BFBx) fuse 
of any one of the DFFs, the flip-flop(s) is 
bypassed. The I/O pin can then be used 
as a combinatorial output. 

4. As Internal foldback DFFs or foldback 
NAND gates. 
When the 1/O pin is used as an input, the 
output macro can be used as an interna! 
DFF or a foldback NAND term. If the 
bypass fuse is programmed, the macro 
will act as a foldback NAND term. Other- 
wise it will act as an internal DFF. 


The 8 bidirectional pins (BO-B7) can be used 
as either combinatorial inputs or outputs with 
programmable polarity. The Exclusive-OR 
polarity gates are non-inverting in the 
unprogrammed state. 


The NAND signal labeled ‘OD' (Output 
Disable) shown on the PML2552 logic 
diagram is used for the Power Down mode 
operation, This signal disables the outputs 
when the device enters the Power Down 
mode and SCl is high. 


Clock Array 

The 20 buried JKFFs can be clocked through 
the ‘Clock Array’. The Clock Array consists of 
11 NAND terms. Ten of these terms are 
connected to the clock inputs of the Bank A 
flip-flops that can be clocked individually. One 
NAND gate is connected to Bank B flip-flops 
that have a common clock. There are 18 
inputs to the clock array. Four come directly 
from the input pins (with programmable 
polarity), 4 inputs are from 4 NAND gates 
connected directly to the folded NAND array. 
10 inputs are from the Q outputs of the 
JKFFs with clear. 
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SCAN TEST FEATURE 

With the rise in the ratio of devices on a chip 
to the number of I/O pins, Design For 
Testability is becoming an essential factor in 
logic design methodology. The PML2552 
incorporates a variable length scan test 
feature which permits access to the internal 
flip-flop nodes without requiring a separate 
external I/O pin for each node accessed. 
Figure 2 (Scan Mode Operation) shows how 
a scan chain is implemented through the 20 
buried JKFFs and 16 output DFFs. Two 
dedicated pins, SCI (Scan In) and SCM 
(Scan Mode), are used to operate the scan 
test. The SCM pin is used to put the circuit in 
scan mode. When this pin is brought to a 
logic “1", the circuit enters the scan mode. 


SCAN MODE OPERATION 


Voo vor vot VO13 


In this mode it is possible to shift an arbitrary 
test pattern into the flip-flops. The SC] pin is 
used to input the pattern. The inverted 
outputs of flip-flops DO - D15 are observable 
on pins 1/00 - 1/015. 


The following are features and characteristics 

of the device when in Scan Mode: 

1. CKE1 is the common scan-clock for all 
the flip-flops when in scan mode. CKE1 
overrides all clock resources of normal 
operational mode. 


2. The Preset (PR) and Clear (CL) functions 
of the flip-flops are disabled. 


3. Scan overrides the bypass fuse of the 
flip-flops. This means that all the 


vo2 VO12 VO3 VO1t VO4 1/010 


(COMMON CLOCK (CKE1) FOR ALL FLIP-FLOPS WHEN IN SCAN MODE) 
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bypassable DFFs remain intact during 
scan operation even though they may 
have been bypassed during normal 
operation. 


. To observe the SCAN data, the output 


buffers must be enabled by the Output 
Enable (tri-ctrl) terms. 


. The outputs of the flip-flops are 


complemented on pins 1/00 - 1/015. 


. All external inputs to flip-flops in the scan 


chain are disabled when the device enters 
the scan mode. 


. Blowing the security fuse does not disable 


the Scan Test feature. 


vos VO9 VO6 06 
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Scan Test Strategy 5. To read result of the state transition, 6. As the results are being read and stored, 
The scan test pattern is design dependent re-enter scan and apply the scan clock new ‘Test Data’ can be entered via SCI. 
and the user must make considerations for (CKE1). The result of the state transition > 9, : 

: : : : peat for all test patterns of interest. 
Design For Testability (DFT) during the initial in JKCL9 will be available at SCOUT : ; 
stages of the design. A typical test sequence (1/015) after 36 clocks. The results canbe 8. Figure 3 (FLOW_CHART) depicts a flow 
is to pre-load (i.e., enter a state); revert to stored in a user defined test memory chart version of the test sequence. 
normal operation (i.e., activate the next state buffer in inverted logic representation. 


transition); go back to scan mode to check 
the result. Note that the scan test feature 


available in the PML2552 is a variable length Test reeraTy OL Scan uN, 
scan chain. The DATA entered at SCI iF LESS, SET COUNT = LENGTH -1. 


(JKCL9) can be accessed anywhere between 
21 clock cycles (at I/O0) to 36 clock cycles 
(at I/O15). For the strategy discussed here, 
DATA is read out after 36 clocks at 1/015 SET COUNT = 35 

(i.e., D15). The following operation sequence 
suggests a possible scan test method. 


Aconservative test policy demands proof that 
the test facility is working. Thus, to prove 


Scan Chain holds and maintains correct data: 
a. Fill chain with several patterns (for ex- 


ample, all ones and all zeros). APPLY SCAN CLOCK 
b. Retrieve same patterns. 


The user is responsible for managing an 


READ OUT RESULT AND 
. STORE IN TEST MEMORY! 
vectors and results, as part of the test equip- 


external test memory buffer for applied 


ment. ; 

1. Parallel readout of l/O0 - 1/015 is oUeCOUNTS 
possible, but assume only 1/015 is used . e 
for this strategy. 


2. The first DATA entered at SCI (or JKCL9) 


will be the content of D15 after 36 clocks. 
This DATA will be inverted at the output 
pin /O15 (i.e., SCOUT). The last DATA SA APau osc 
entering the scan chain will be the content : 
of JKCL9. Thus, the scan chain 
YES - TEST IS ARMED 


resembles a first-in-first-out shift register CHAIN IS FULL, 
with inverted outputs (1/00 - 1/015). T A TATE ENTERED) 


3. ‘Test Data’ is read in at the SCI input and 
read out of the SCOUT output pin (1/015). ORM OE CREAT eet 


To enter ‘Test Data’: 


a. Putdevice in Scan Mode by applying the APPLY SYSTEM CLOCK AND 
scan control signals (SCM=1). ANY EXTERNAL TEST VECTORS 


b. Clock device with scan clock (CKE1). 


c. Apply consecutive serial test vectors. RESULT READY FOR OUTPUT 
‘ ; ON NEXT 36 CLOCK CYCLES 
d. Read back results as new ‘Test Data’ AS NEW TEST VECTOR IS LOADED 


(States) are applied. The first 36 outputs 
read at SCOUT (I/O15) are random 
(‘old’) data (e.g., remnant of Step 1). 


e. Apply 36 ‘Test Data’ until the chain is full. NOTE: 


1. The first 36 outputs are random (‘OLD’) data. 
4. To apply ‘Test Data’ (States), exit Scan 
Mode and apply on system clock together 
with any other possible test vectors. 





Figure 3. FLOW_CHART 
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A Simple Example 

Assume the last three cells of the scan chain 
(JKCL9, JKCL8, JKCL7 in Figure 4 contain a 
3-bit up counter. Our test vector will be a 
single clock applied to the counter. Suppose 
we wish to first check the State 5(i.e., 101) to 
State 6 (i.e., 110) transition, then the State 3 
(ie., 011) to State 4 (i.e., 100) transition. 
Assume the scan chain has been pre-verified 
and we may begin. . 


Enter scan mode (set SCM=1)I apply 36 bits 
in sequence so that the value 101 (i.e., State 
5) resides in the last three cells. Exit scan 
mode (set SCM=0) and apply a single clock 
to the counter.: Now the value 170 (i.e., State 
6) resides in the last three cells. Re-enter 
scan mode (set SCM=1) and read back 36 __ 
bits from position 1/015. Note that the outputs 
are complemented and are also read back in 
the reverse order. Therefore the value for 
STATE 6 read at 1/015 will be 100 which is 
the complement of STATE 6 (110) read in the 
reverse order, 


As this is being read back, apply a new state, 
serially equal to the value 071 (i.e., State 3). 
This state should be loaded on the last three 
clock cycles during which STATE 6 is being 
read back at 1/015. After STATE 3 has been 
loaded (and STATE 6 read back), exit scan 
mode and apply a single clock which will 
invoke the STATE 3 (i.e., 011) to STATE 4 
(i.e., 100) transition. Re-enter scan mode and 
read back 36 bits at I/O15. The last three bits 
should contain 110 which is the complement 
of State 4 read in the reverse order. Figure 4 
(SCAN_EXAMPLE) shows a flow diagram of 
this example. Note that the States will always 
be complemented and read back in the 
reverse at I/O15. Other sequences may be 
applied in the same manner. 


A possible alternative to this example is to 
read back the output states at I/O0 (DO) 
instead of 1/015 (JKCL9). This will allow the 
outputs to be read back after 21 clock cycles 
rather than the 36 used in the above 
example. 
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LOAD STATE 51N SCAN CHAIN 
SCM=1 


JKCLS JKCLS JKCL7 JKCLE 
STATES 


EXIT SCAN MODE (SCM = 0) 
AND APPLY COUNTER CLOCK 


ENTER SCAN MODE 
(SCM = 1) 


JKCL9 JKCL8 JKCL7 JKCLE 
STATE 6 





APPLY 33SCANCLOCKS 


V014=0 013 =0 VO12=X 


015 D14 D13 D12 
STATE 61N REVERSE ORDER (OUTPUTS COMPLEMENTED 


STATE 3 (011) WILL BE 
LOADED ON NEXT 3 CLOCKS 


JKCL9 JKCLB JKCL7 JKCLE 
STATE 3 


EXIT SCAN MODE (SCM = 0) 
AND APPLY COUNTER CLOCK 


ENTER SCAN MODE 
(SCM = 1) 


JKCLO JKCLa JKCL7 JKCLE 
STATE 4 


APPLY 33 SCAN CLOCKS 


014 =1 013 =0 VO12=X 


15 014 D13 D1 
STATE 41N REVERSE ORDER (OUTPUTS COMPLEMENTED; 





Figure 4. SCAN_EXAMPLE 


452 


Philips Components—Signetics Programmable Logic Devices 


Programmable macro logic 


Product Specification 


PML2552 





POWER DOWN 

The PML2552 offers the user controlled 
capability of putting the device to “sleep” 
where power dissipation is reduced to very 
low levels. When brought to a logic “1”, the 
PD pin freezes the circuit while reducing the 
power. All data is retained. This not only 
includes that of the registers, but also the 
state of each foldback gate. For those cases 
where it is desirable to 3-State the outputs, 
that can be accomplished by raising the SCI 
pin to a logic "1". 

There is one point that should be noted while 
the circuit is in its power-down mode. The 
switching of any external clock pin will cause 
a disruption of the data. All clocks must be 
frozen before the circuit goes into power- 
down and stay that way until it powered back 
up. Clocks that are internally generated and 
feed the clock array are automatically 
stopped by the power-down circuitry. Any 
other input can toggle without any loss of 
data. 


NOTE: 

1. During power down, external clocks (CKA, 
CKB/CKC, CKE1, CKE2) should not 
change. 

2. SCM must be “0” as in normal operation 
mode. 

3. External clock recovery time (low-to-high) 
is 60ns (high-speed) and 70ns (standard) 
after the device is powered up. 

4. Power Down Timing Diagrams on pages 
17 and 18 are for combinatorial operation 
only. 


DEVELOPMENT TOOLS 

The PM2582 is supported by the Signetics 
SNAP software development package and a 
multitude of hardware and software develop- 
ment tools. These include industry standard 
PLD programmers and CAD software. 


ABSOLUTE MAXIMUM RATINGS! 












NOTE: 


[Yoo 
[vn | putvotogs «dCi 
[Vout | Oupetvetages ido 
a [na 
[ma 
[Tare | Operating onporatreraree | _ow7s___-|_-_| 
eS 


SNAP 

Features 

® Schematic entry using DASH™ 4.0 or 
above or OrCAD™ SDT Ill 


® State Equation Entry 
® Boolean Equation Entry 


@ Allows design entry in any combination of 
above formats 


© Simulator 
— Logic and fault simulation 
— Timing model generation for device tim- 
ing simulation 
— Synthetic logic analyzer format 


® Macro library for standard TTL and user 
defined functions 


© Device independent netlist generation 


@ JEDEC fuse map generated from netlist 


SNAP (Synthesis, Netlist, Analysis and 
Program) is a versatile development tool that 
speeds the design and testing of PML. SNAP 
combines a user-friendly environment and 
powerful modules that make designing with 
PML simple. The SNAP environment gives 
the user the freedom to design independent 
of the device architecture. 


The flexibility in the variations of design entry 
methodologies allows design entry in the 
most appropriate terms: SNAP merges the 
inputs, regardless of the type, into a high- 
level netlist for simulation or compilation into 
a JEDEC fuse map. The JEDEC fuse map 
can then be transferred from the host 
computer to the device programer. 


SNAP'’s simulator uses a synthetic logic 
analyzer format to display and set the nodes 
of the design. The SNAP simulator provides 





Vi 
V 
V 


DC 
DC 
Dc 

°C 

°C 


1. Stresses above those listed may cause malfunction or permanent damage to the device. This 
is a stress rating only. Functional operation at these or any other condition above those 
indicated in the operational and programming specification of the device is not implied. 





DASH is a trademark of Data VO Corporation. 
OrCAD is a trademark of OrCAD, Inc. 


IBM is a registered trademark of International Business Machines Corporation. 
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complete timing information, setup and 
hold-time checking, plus toggle and fault 
grading analysis. 


SNAP operates on an IBM® PC/XT, PC/AT, 
PS/2, or any compatible system with DOS 
2.1 or higher. A minimum of 640K bytes of 
RAM is required together with a hard disk. 


SLICE 

SLICE, which supports Signetics PLD line, is 
easy to understand and simple to use. Select 
a PLD, assign input and output pins and 
enter the desired equations in either Boolean 
or state form. SLICE then checks the 
equations for errors. It automatically 
generates a JEDEC-format fuse map for 
downloading to a PLD programmer. 


Fully menu driven, SLICE incorporates a fuse 
table editor for making quick modifications to 
the design and a test vector editor for input of 
test vectors. 


A built-in Boolean equation extractor allows 
existing PLDs to be used as the basis fora 
new design. the extractor reads JEDEC 
information from a PLD and creates a file 
containing the corresponding Boolean 
equations. The result can then be used to 
consolidate several PLD designs into a 
single, denser part. 


And SLICE is upward compatible with 
Signetics extensive design suite, SNAP. 


DESIGN SECURITY 

The PML2552 has a programmable security 
fuse that controls the access to the data 
programmed in the device. By using this 
programmable feature, proprietary design im- 
plemented in the device cannot be copied or 
retrieved. 


THERMAL RATINGS 


TEMPERATURE 


Allowable thermal rise 
ambient to junction 
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PIN CONFIGURATION 


VCKD3 

vcc4 

VCKD2 

VCKD1 
VCKB/CKC R4 

PD 

VDB7 





ORDERING INFORMATION 


DESCRIPTION ORDERCODE — 
68-pin Plastic Leaded Chip Carrier : PML2552A 
68-pin “J” Leaded Ceramic Cerquad Package PML2552KA 
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DC ELECTRICAL CHARACTERISTICS 
0°C < Tames +75°C, 4.75V < Voc < 5.25V 


LIMITS 
SYMBOL PARAMETER TEST CONDITIONS | MIN | TYP? | MAX | UNIT 


Input voltage 


Vin High Voc = MAX 2.0 Voc + 0.3 Vv 
Output voltage 


tic Low : Vin = GND —10 pA 
lin High Vin = Veco 10 pA 


Output current 


loorF) Vout = Vee 10 pA 
Vout = GND -10 pA 
low Output High Voc = MIN, Vout = 2.4V mA 
lov Output Low Vec = MIN, Vour = 0.45V mA 
Voc supply current Veg = MAX, No load | CMOS input? 60 100 mA 
f = 1MHz TTL input? 65 1208 
Standby Voc supply current Voc = MAX, No load CMOS input 1.0 10 
PD = Vin TTL input 1.5 10 
Voc = 5V, Tamb = +25°C, Vin = 2.0V pF 
Voc = 5V, Tamb = +25°C, Vig = 2.0V pF 
1. All typical values are at Voc = 5V, Tan = +25°C. 
. CMOS inputs: Vi_ = GND, Viy = Voc. 


2 
3. TTL inputs: Vi_ = 0.45V, Viy = 2.4V. 

4. All voltage values are with respect to network ground terminal. 
5 

6 





. Duration of short-circuit should not exceed one second. Test one ata time. 
. Alcc vs. Frequency = 4mA/MHz max. 


TEST LOAD CIRCUITS VOLTAGE WAVEFORMS 


+3.0V— — — 


OUTPUTS 


"MEASUREMENTS: 
All circuit delays are measured at the +1.5V level of 
inputs and outputs, unless otherwise specified. 


NOTES: 
C1 and Co are to bypass Vcc to GND. 
Test Load Ry = 7502, Ro = 4420, C, = 30pF (C, = 5pF for Output Disable) 


O°C < Tamb < +75°C, 4.75V < Voc < 5.25V Input Pulses 
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MACRO CELL AC SPECIFICATIONS Min: 0°C, 5.25V; Typ: 25°C, 5.0V; Max: 75°C, 4.75V 
(SNAP Resource Summary Designations in Parentheses) 





Input Buffer 
(DIN552, NIN5S52, BDINSS, BNINS52 
CDIN552, CNIN552, CKDIN552, CKNIN552) 


| sPARAMETER——s| iTS 
SYMBOL — ae UNIT 


Pe: | 
Pe: | 


Input Pins: 8-14, 16, 17, 20, 22-24. 
Bidirectional Pins: 1-3, 5-7, 46-48, 50-54, 57-64, 67, 68. 


Internal NAND of Main Array 
(FBNAND, NAND) 


tna yeus 


SS ETER LIMITS 


SYMBOL UNIT 
teHL 20 
tPLH 20 


Internal NAND of Clock Array 
(NAND) 


xX js Y 
PARAMETER LIMITS 
SYMBOL 


; To From 
(Output) (Input) ae fae) 
teHL Y 3 
tPLH Y 3 
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MACRO CELL AC SPECIFICATIONS (Continued) Min: 0°C, 5.25V; Typ: 25°C, 5.0V; Max: 75°C, 4.75V 


(SNAP Resource Summary Designations in Parentheses) 





3-State Output with Programmable Polarity 
(TOUT552 + EXOR552) 


ig 

TriCrl | | 
ANS eel 

Programmable -—~Z-"" O 20 40 GO 80 100 120 140 160 180 200 


Connection io OUTPUT CAPACITANCE LOADING (pF) 





Atpp vs Output Capacitance 
Loading (Typical) 


SYMBOL To 
(Output) 
tPHL In 
= In 
Tri-Ctrl 
Tri-Ctrl 


Bidirectional Pins: 46-48, 50-54. 
/O Output Buffer with 3-State Control, DFF Bypassed 
(TOUT552 + NAND) 


Atppins) 


O 20 40 60 80 100 120 140 160 180 200 
OUTPUT CAPACITANCE LOADING (pF) 


Atpp vs Output Capacitance 
Loading (Typical) 


| PARAMETER 
SYMBOL 


eee 
eee 





toe! Tri-Ctrl 
top* Tri-Ctrl 


V/O Pins: 1-3, 5-7, 57-64, 67, 68. 


Notes on page 461. 
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MACRO CELL AC SPECIFICATIONS (Continued) (SNAP Resource Summary Designations in Parentheses) 
D FLIP-FLOP 





Output DFF Used Internally 
(ODFF552) 





















SYMBOL PARAMETER LIMITS UNIT 


Ce 
Flip-lop toggle rate fa S80 a Me 
Cock HIGH NS ae 
ee a eee 
ieee a ee 
eae aps te 

















CockLOW 
/D setup time to CKE 
/D hold time to CKE 


PARAMETER LIMITS 
SYMBOL To UNIT 
teLH CKE T 
teu CKE T 
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MACRO CELL AC SPECIFICATIONS (Continued) (SNAP Resource Summary Designations in Parentheses) 
D FLIP-FLOP (Continued) 


Input and Output 
(IDFF552 & ODFF552) 


Pain [ve wa | 
Teccsoe | | |» | we | 
Twanomontin | wo) | | = | 
Pease soi (0 tf | 
Psenevonvos | _s _| |_| | 


At ppins) 


Atpp vs Output Capacitance 
Loading (Typical) 


ee lal | 
ft ee eat ” QUTPUT CAPACITANCE LOADING (oF) 
OUTPUT CAPACITANCE LOADING (pF) 


PARAMETER LIMITS 
SYMBOL 


To HIGH-SPEED UNIT 
(cup) [aw 
tei CKA, CKB/CKC T Q,0 3 
phir CKA, CKB/CKC T Q,d 3 
tety CKE tT 
tou. CKE T 
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MACRO CELL AC SPECIFICATIONS (Continued) (SNAP Resource Summary Designations in Parentheses) 
JK FLIP-FLOPS 


(JKPR552) (JKCL552) 


INPUTS OUTPUTS INPUTS OUTPUTS 
H 


SYMBOL PARAMETER 


0 


if 
Pec tom 
z 


SYMBOL PARAMETER LIMITS 


Te 
(Output) 
teLH CK1,2 Q, 
teHL CK1,2 Q, 

tei PR f 

teHL PR , 

tPLH cL ; 

tPHL CL 
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AC ELECTRICAL CHARACTERISTICS 
O°C < Tam < +75°C, 4.75V < Voc < 5.25V, Vpp = Vc, 
Ry = 750Q, Re = 442Q, C, = SpF for Output Disable) (See Test Load Circuit Diagram) 


SYMBOL PARAMETER 


Scan mode operation! 


0 
: 
y 
is _| lputsetiptmebeivePowerup—SSSCSC~—~SCS*~—~‘iSSTCd 
Pos | ScheOuputnatioime® ——SCS™C~C~“*S*S*S*S*SC~‘sSCSC‘“‘d! ®~=*dL rs 
[oo | Siw Ouputdisavewme® ————SSCSCSC~—~“—SCS*S*SCSS~C“—C~s—sSSC‘“(R SCC 
= 
> [= 
NOTE: 
1. SCM recovery time is 50ns after SCM operation. 50ns after SCM operation, normal operations can be resumed. 
For 3-State output; output enable times are tested with C_ = 30pF to the 1.5V level, and S, is open for high-impedance to High tests and 
closed for high-impedance to Low tests. Output disable times are tested with C, = 5pF. High-to-High impedance tests are made to an output 


Power-on reset output register (Q = 0) to output (I/O) delay | ons | 
Timings are measured without foldbacks. 
voltage of Vr = (Voy — 0.5V) with S; open, and Low-to-High impedance tests are made to the Vr = (VoL + 0.5V) level with S closed. 


LIMITS UNIT 




















o 





















Power-on reset input register (Q = 0), buried JK Flip-Flop (Q = 0) 
tpPR2 to output (B, bypassed I/O) delay 

2. 

3. Transition is measured at steady state High level (-SOOmV) or steady state Low level (+500mV) on the output from 1.5V level on the input 
with specified test load (Ry = 750Q, Re = 4420, C, = 5pF). This parameter is sampled and not 100% tested. 

4. 


September 20, 1990 461 


Philips Components—Signetics Programmable Logic Devices Product Specification 





Programmable macro logic PML2552 





TIMING DIAGRAMS 


|, BYPASSED I/DA, I/08, 1/0, B 


HIGH 
IMPEDANCE VoL - 


_ 5 Hot oe 234 
sci /- 15 \ 1.5V aS 


Power Down, Power Up 
Input (old) Ready Before Power Up 
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Programmable macro logic PML2552 


TIMING DIAGRAMS (Continued) 


1, BYPASSED VDA, /DB, 1/0, B 


IMPEDANCE 
al | | 


Power Down, Power Up 
Input (new) Ready After Power Up 


|, BYPASSED I/DA, DB, /O, B Eusv us Y XX) fv use) 


ty t2 — 8 


1.5V 1.5V 


a ts sale t7 
s a ee ~ OXXKK D 
peel Ed 


1.5V 1.5V 


Power Down, Power Up 
Input (new) Ready Before Power Up 





Power-On Reset 
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PML2552 


Programmable macro logic 


SNAP RESOURCE SUMMARY DESIGNATIONS 


a 


~/015 


Vos 


VOo -V/07 
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Programmable macro logic 


PML2552 





ERASURE CHARACTERISTICS 
(For Quartz Window Packages 
Only) 

The erasure characteristics of the PML2552 
device is such that erasure begins to occur 
upon exposure to light with wavelengths 
shorter than approximately 4000 Angstroms 
(A). It should be noted that sunlight and 
certain types of fluorescent lamps have 
wavelengths in the 3000 ~ 4000A range. Data 
shows that constant exposure to room level 
fluorescent lighting could erase a typical 
PML2582 in approximately three years, while 


PROGRAMMING 


it would take approximately one week to 
cause erasure when exposed to direct 
sunlight. If the PML2552 is to be exposed to 
these types of lighting conditions for 
extended periods of time, opaque labels 
should be placed over the window to prevent 
unintentional erasure. 


The recommended erasure procedure for the 
PML2552 is exposure to shortwave ultraviolet 
light which has a wavelength of 2537 
Angstroms (A). The integrated dose (i.e., UV 
intensity x exposure time) for erasure should 
be a minimum of 15Wsec/cm?. The erasure 


Refer to the following charts for qualified manufacturers of programmers and software tools: 


PROGRAMMER MANUFACTURER 


DATA 1/0 CORPORATION 

10525 WILLOWS ROAD, N.E. 

P.O. BOX 97046 

REDMOND, WASHINGTON 98073-9746 


(800)247-5700 


STREBOR DATA COMMUNICATIONS 
1008 N. NOB HILL 
AMERICAN FORK, UT 84003 


* 


Part Number: AS-68—-40-04P-6 


UNISITE 40/48 
V2.8 
Pinsite — V2.0 


PLP-S1A Programmer 
MP68CC Adaptor 


Needs a 40-pin DIP to 68-pin PLCC adaptor that is available from Emulation Technology. 


EMULATION TECHNOLOGY, INC. 


time with this dosage is approximately 30 to 
35 minutes using an ultraviolet lamp with a 
12,000,W/cm? power rating. The device 
should be placed within one inch of the lamp 
tubes during erasure, The maximum inte- 
grated dose a CMOS EPLD can be exposed 
to without damage is 7258Wsec/cm? (1 week 
@ 12,0001W/cm?). Exposure of these CMOS 
EPLDs to high intensity UV light for longer 
periods may cause permanent damage. 


The maximum number of guaranteed erase/ 
write cycles is 50. Dataretention exceeds 20 
years. 


PROGRAMMER MODEL FAMILY/PINOUT CODES 


15908C* (with adaptor) 
15908D (with pinsite) 





2368B Walsh Avenue, Bivd. D 
Santa Clara, California 95051 
Telephone No. (408) 982-0660 
Fax. No. (408) 982-0664 


SOFTWARE MANUFACTURER DEVELOPMENT SYSTEM 


PHILIPS COMPONENTS-SIGNETICS 
811 EAST ARQUES AVENUE 

P.O. BOX 3409 

SUNNYVALE, CALIFORNIA 94088-3409 














SNAP SOFTWARE 
REV. 1.4 AND LATER 


(408)99 1-2000 
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Philips Components-Signetics 


Military Selection Guide 


Programmable Logic Devices 


Part Number Desc eilan pecednion M38510/ Je Js HL Drewing ae 
PLHS18P8/BRA PAL 20DIP3 5962-8752801RX A 
PLHS18P8/BSA PAL 20FLAT NA NA 5962-8752801SX A 
PLS159A PLS 20DIP3 NA NA PLANNED NA 
PLS173/BLA PLA 24DIP3 NA 5962-8850402LA A 
PLS179/BLA PLS 24DIP3 NA NA 5962-8850701LA A 
82S100/BXA PLA 28DIP6 50202 A NA 

82S100/BYA PLA 28FLAT 50202 NA NA 

82S100/B3A PLA 28LLCC 50202 NA NA 

82S101/BXA PLA 28DIP6 50201 A NA 

82S101/BYA PLA 28FLAT 50201 NA NA 

82S101/B3A PLA 28LLCC 50201 NA NA 

82S105/BXA PLS 28DIP6 NA NA 5962-8670901XA A 
82S105/BYA PLS 28FLAT NA NA 5962-8670901YA A 
82S105/B3A PLS 28LLCC NA NA 5962-86709013A A 
82S153A/BRA PLA 20DIP3 NA NA 5962-8768201RA A 
82S153A/BSA PLA 20FLAT NA NA 5962-8768201SA A 
82S153A/B2A PLA 20LLCC NA NA 5962-87682012A A 
PLC42VA12/BLA PLS 24DIP NA NA PLANNED NA 
PLC42VA12/BYA PLS 24FLAT NA NA PLANNED NA 
PLC42VA12/B3A PLS 28LLCC NA NA PLANNED NA 
PML2552/BUA PML 68LLCC NA NA PLANNED NA 
PLC18V8Z/BRA PAL 20DIP NA NA PLANNED NA 
PLCO18V8Z/BSA = PAL 20FLAT NA NA PLANNED NA 
PLC18V8Z/B2A PAL 20LLCC NA NA PLANNED NA 


* Not available as a Class B standard product. See M38510 and/or Military Drawing columns for availability 
** A= available, NA = not available, IP = in process, call for availability. 
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FEATURES 
© Schematic entry available using 


Data /O SNAP-DASH™ 
OrCAD SDT III" 


© State equation entry 

© Boolean equation entry 

© Netlist entry 

© Simulation waveform entry 


© Capability to design in one or any 
combination of formats 


® Device independent, netlist based 
design platform 


® Boolean equation extractor 
© Fuse table editor 


@ Philips LESIM 5-State gate array 
simulator as well as Signetics 
SIGSIM: 


— Logic and fault simulation 


— Model extraction and timing 
simulation 


— Synthetic logic analyzer format 
— Stimuli entry in waveform format 
© Freezing of selected Critical paths 


© Capability to create user defined 
macros 


® Full documentation of design and 
simulation results in waveform format 


 JEDEC fusemap compiler and device 
programmer interface 





SNAP-DASH is a trademark of Data /O Corp. 
OrCAD STD Il! is a trademark of OrCAD, Inc. 


SNAP 16 


Synthesis Netlist Analysis Program 


Programmable Logic Development Software 


GENERAL DESCRIPTION 
SNAP PLD development software. 
Simple-to-use tools for demanding 
designs. 


Get ready for greater design 
productivity. SNAP, the complete logic 
synthesis, simulation and layout 
package for Signetics full line of PLDs, 
saves one commodity in preciously short 
supply: design time. Fully equipped 
with every tool you need to turn out 
PLD designs quickly, SNAP eliminates 
the “learning curve” that can keep you 
from being immediately productive. 
Regardless of whether you're a PLD 
novice or seasoned pro, SNAP allows 
you to produce optimized designs within 
a matter of hours. 


For rapid design you need flexibility and 
SNAP provides lots of it. Enter your 


design in the most convenient way 
possible —- using any combination of 
schematics, waveforms, Boolean 
equations, state equations or netlists. 
SNAP merges the inputs and generates 
a dense, high-speed design that can be 
simulated in SNAP's powerful simulator 
and then downloaded to a PLD 
programmer. 


With SNAP, you produce your 

design ina netlist-based, device- 
independent environment. No need to 
commit to a particular part from the start 
of the design process: With SNAP, you 
can change the target PLD at will. If you 
find that your design needs a larger 
device or can fit into a smaller, less 
expensive one, simply select a new part 
and resimulate. SNAP allows you to 
take advantage of the most appropriate 
PLD for the job without wasting time. 


SNAP Design Flow 


; 





SIMULATE 
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OUTPUT 
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Programmable logic development software SNAP 16 
SNAP’S UNRIVALED display the precise timing at that node. Then SNAP includes a powerful fault simulator 
change the stimulus and put the design that simplifies the task of maximizing fault 
SE EATON EACLE? through its paces with SNAP'’s built-in coverage. The toot rapidly generates a report 


Simulation is a key part of the SNAP design 


process. SNAP Incorporates Philips waveform editor. Make changes using the detailing undetected and potentially 


: SNAP fuse table editor and resimulate. When _ undetectable faults, coverage efficiency, and 
5-State gate array simulator, a simulator so ; es 
inetpeted in fe aeauniny and diagnostic you finally program a PLD, chances are thatit other useful data. With it, you get the most 
ability that it is a standard tool used by the | will run perfectly the first time. thorough fault coverage possible in a limited 


company’s own chip designers. You can Since testability represents an ever-important RPSt PEGS. 
examine any of your design’s internal nodes measure of the success of a PLD design, 
and apply SNAP’s virtual logic analyzer to 


Would you like to know how many potential faults your test vectors can detect? 
Just look at the output of the SNAP FAULT SIMULATOR... 


FAULT LIST: 
TOTAL NUMBER OF SIGNALS 
NUMBER OF NAMED SIGNALS 
NUMBER OF CIRCUIT FAULTS 
NUMBER OF INSERTED FAULTS 
NUMBER OF COLLAPSED FAULTS 


EAULT DETECTION: 
NUMBER OF HARD DETECTED FAULTS 
NUMBER OF POTENTIALLY DETECTED FAULTS 
NUMBER OF UNDETECTED FAULTS 


QO GE: 
HARD DETECTION FAULT COVERAGE 
POTENTIAL DETECTION FAULT COVERAGE 
TOTAL DETECTION FAULT COVERAGE 


OVERA Vv 
PATTERN # 


BRK KK OK aK 
eK KK RKO OK 

RK KK KR IOI II RK Ok 

KKK KR KK KR IKK IO KK RK KK 


a RRR KK KK KK KK RR KR KKK KR KK KK KR KK KIO IKK KK KK 
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Designers who need to consolidate the 
designs of existing logic devices will draw 
considerable benefit from SNAP’s unique 
Boolean equation extractor. It take the 
design data from existing PLDs and converts 
it to the actual, corresponding Boolean 
equations, which can then be used as an 
input to SNAP. It eliminates the need to find 
and re-enter design data, often a 
time-consuming process. 


And for added convenience, SNAP features 
the powerful logic optimizer, Espresso 
Minimizer. Espresso automatically removes 
all unnecessary gates from your design, 
assuring that it will be the fastest and densest 
possible. Espresso allows you to pack more 
in — or fit it into a smaller PLD. The result 
can be substantial cost and power savings. 


FULL SUPPORT NOW — AND 


INTO THE FUTURE 

SNAP supports Signetics broad line of PLDs, 
which includes high-speed PAL@-type 
devices, programmable logic arrays, 
programmable logic sequencers, and 
sophisticated programmable macro logic. Itis 
fully compatible with SLICE, Signetics 
entry-level design package. And as Signetics 
introduces new PLDs in the future, SNAP will 
support those too, in a timely manner. You 
can standardize on SNAP for your future 
development, with confidence. 


Menu-driven and supported by clear, 
concise documentation, SNAP is a 
pleasure to use. But if problems do arise, 
Signetics network of field applications 
engineer5Ss stand ready to help. Specially 
trained and backed by a comps of factory 
experts, Signetics FAEs are stationed in all 
major cities in the U.S. and overseas. 
Wherever you are, chances are that support 
is nearby. 





PAL is a registered trademark of AMD/MMI, Inc. 
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FROM THIS: L0000 
1111221111111101110111101111111111111111 
0000000000000000000000000000000000000000 
0000000000000000000000000000000000000000 
0000000000000000000000000000000000000000 
0000000000000000000000000000000000000000 
0000000000000000000000000000000000000000 
0000000000000000000000000000000000000000 
0000000000000000000000000000000000000000 
1111111111111011111111111111111111011111 


TO THIS: @LOGIC EQUATION 
S.D =/ (ASN*RWN* /DREQN1+S*/DREQN1) ; 


AUTOMATICALLY «© IMMEDIATELY e¢ EFFORTLESSLY 





PRODUCT SUPPORT 

SLICE supports the Signetics line of PLDs, 
which ranges from high-speed PAL@-type 
devices to complex Programmable Macro 
Logic circuits. It will also support new 
Signetics PLDs as they are introduced. The 
devices currently supported are: 


Programmable Logic Arrays: 


PLUS153 

PLUS173 

Programmable Macro Logic: 
PLHS501 PLHS601 
PLHS502 PML2552 
Programmable Logic 
Sequencers: 

PLC42VA12 PLUS105 
PLC415 PLUS405 
Programmable Array Logic 
PLUS20L8 PHD16N8 
PLUS20R8 PLUS16L8 
PLUS20R6 PLUS16R8 
PLUS20R4 PLUS16R6 
10H20EV8 PLUS16R4 
10020EV8 PLQ22V10 
PHD48N22 PLC18V8Z 
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TRY IT — YOU'LL LIKE IT 

Did you use your device to its full capability? Pop the enclosed SNAP demo disk into your 
computer and see how easy PLD design can 
be. The demo, like SNAP itself, runs on 
almost any IBM® PC or compatible having 
DOS 2.1 or higher, 640K RAM and a hard 
disk. 


OUTPUT] Op - 044 
BUFFERY 


For the answer, 
Just look at the output of SNAP: 


Resources Summary 
Cell name used/total 


DIN601 

NIN601 

FBNAND 

NAND 

EX0601 
NOU601 24 24 100% 
Please hit any key to continue. 


PLHS601 Resources 





IBM is a registered trademark of Internationa! Business Machines Com. 
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FEATURES 
© Easy to learn and use 


© Supports Signetics PLD line 

© State or Boolean equation entry 
© Fuse table editor 

© Test vector editor 

© Boolean equation extractor 

© JEDEC fusemap compiler 


® Interfaces to standard PLD 
programmers 


© Upgradeable to SNAP 


PRODUCT SUPPORT 

SLICE supports the Signetics line of 
PLDs, which ranges from high-speed 
PAL®-type devices to complex 
Programmable Macro Logic circuits. It 
will also support new Signetics PLDs as 


As easy as 1, 2, 3: 


SLICE 10 


Signetics Logic Integration 
Computer Environment 


Programmable Logic Development Software 


they are introduced. The devices 
currently supported are: 


Programmable Logic Arrays: 


PLUS153 

PLUS173 

Programmable Macro Logic: 
PLHS501 PLHS601 
PLHS502 PML2552 
Programmable Logic 
Sequencers: 

PLC42VA12 PLUS105 
PLC415 PLUS405 


Programmable Array Logic 


PLUS20L8 PHD16N8 

PLUS20R8 PLUS16L8 
PLUS20R6 PLUS16R8 
PLUS20R4 PLUS16R6 
10H20EV8 PLUS16R4 
10020EV8 PLQ22V10 
PHD48N22 PLC18V8Z 


GENERAL DESCRIPTION 

Sit down at your PC, install the SLICE 
software, and you’ll be programming 
PLDs within the hour. SLICE 
(Signetics Logic Integration Computer 
Environment) provides all the functions 
you need for speedy PLD development 
without the tedious learning curve that 
accompanies other PLD design tools. It 
allows first-time users to immediately 
produce a working PLD design—in 
the very first session. 


SLICE, which supports Signetics PLD 
line, is easy to understand and simple 
to use. Select a PLD, assign input and 
output pins and enter the desired 
equations in either Boolean or state 
form. SLICE then checks the equations 
for errors. It automatically generates a 
JEDEC-format fuse map for 
downloading to a PLD programmer. 


DevSelect 


1. Select device and enter pins. 


2. Enter equation. 


3. Generate fuse map and 
download to device. 


PAL is a trademark of AMD/MMI. 


PinEdit 
Equations 
Checking 


VecEditor 
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Fusetable 
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Fully menu driven, SLICE incorporates a 
fuse table editor for making quick 
modifications to the design and a test 
vector editor for input of test vectors. 


A bullt-In Boolean equation extractor 


allows existing PLDs to be used as the basis FROM THIS: —=L0000 

for a new design. The extractor reads JEDEC 1121111111111101110111101111111111111111 
information froma PLO and creates atl 0000000000000000000000000000000000000000 
containing the corresponding Boolean - dod0000000N0NDNNNNNNDNNNNNNNNDONNNNNNNNNNNNN 
equations. The result can then be used to 0000000000000000000000000000000000000000 
consolidate several PLD designs into a 0000000000000000000000000000000000000000 
single, denser part. oodd000000NN0NNNNNN NNO ONNNNNNNNNNNNNNNNN 


0000000000000000000000000000000000000000 
0000000000000000000000000000000000000000 
1111111111111011111111111111111111011111 


And SLICE is upward compatible with 
Signetics extensive design suite, SNAP. 
SNAP, in fact, is a superset of SLICE. Among 
other enhancements, it provides full logic and 
fault simulation capabilities and design entry 
using the popular Data I/O DASH and 
OrCAD STD III schematic capture tools. 2D at (ASNTRWN® /DREONTYS*/DREONL):¢ 
Compatibility means users can move up to 


SNAP for more complex design, while AUTOMATICALLY « IMMEDIATELY ¢ EFFORTLESSLY 
making full use of files created under SLICE. 


TO THIS: @LOGIC EQUATION 





ORDERING INFORMATION 

To order your FREE SLICE 10 package, 
contact your local Philips Components— 
Signetics sales or representative office. 
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INTERPRETING THE SLICE 


FUSETABLE 

A PLD fusetable or program table is a 
representation of how the device is actually 
programmed. It may be used to hand code 
the device, or more importantly, check that 
the design software implemented the design 
efficiently. Sometimes the way equations are 
written affects their implementation. It is 
recommended if a change in the program 
table is desired, that it NOT be modified 
directly. The original equations should be 
edited, compiled and a new JEDEC fuse 
table generated. 


SLICE contains a module called ‘Fusetable’ 
which is a program table editor. It reads in the 
JEDEC fuse table (.JED file) and displays the 
program table on the screen. The program 
tables displayed are similar in appearance to 
the program tables printed on device data 
sheets and in the Signetics PLD Data 
Manual. SLICE fusetable representations 
differ slightly from those in data sheets. Data 
sheet program tables contain boxes, headers 
and labeling surrounding each section while 
SLICE contains a box in the upper right of the 
screen describing the cursor location. The 
characters describing the different fusing 
configurations are the same. 


We will start out first by looking at a simple 
PHD16N8 program table. Next, different 
device program tables will be presented from 
devices of varying levels of complexity up to 
the PLHS501. The concepts used in all 
program tables are similar and once the user 
is familiar with the character representations 
used, any program table should be easy to 
interpret. Three areas of connections to 
especially note are the input/feedback buffers 
to product terms, OR gate inputs, and JK 
type flip-flop inputs. Each of these areas 
either use different or have unique definitions 
of the fusing representation characters. 


The PHD16N8 is a very simple and useful 
high-speed device. It contains only 16 
product terms (AND gates), 8 of which are 
connected through 3-State inverters to pins. 
The remaining 8 product terms control the 
3-State function of the output buffers. It 
contains no OR gates. Each product term 
may receive inputs from up to 16 sources. 
There are 10 direct input pins and 6 
feedbacks from bidirectional pins. Each 
possible input source goes through a buffer 
which has an inverting and a non-inverting 
output. Four characters are therefore required 
to show how each input source is connected. 
A SLICE representation of the program table 
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Interpreting the SLICE 


fusetable 


is shown below with four product terms 
programmed. 


0000000000000000 
0000000000000000 
0000000000000000 
0000000000000000 
0000000000000000 
0000000000000000 
0000000000000000 
0000000000000000 
0000000000000000 
0000000000000000 
0000000000000000 
0000000000000000 


There are 16 lines of 16 characters. Each line 
represents a product term. Each character 
represents the way an input source is 
connected to the product term. By moving 
the cursor around the program table, a box in 
the upper right of the screen will display the 
product term number and input designator. In 
the PHD16N8 program table, product terms 
controlling the output buffer 3-State function 
are arranged in the program table 
immediately above the product term for the 
output function. The four characters used to 
denote connections between an input or 
feedback buffer and a product term are H, L, 
—, and 0. 


A Zero (0) is the default or virgin state 
designator for the connection between an 
input buffer and product term. It indicates that 
both the non-inverting and inverting outputs 
from the buffer are connected to a product 
term's input. This has the effect of holding the 
product term's input and thus it's output LOW. 
A Zero is usually not found on a row alone. To 
hold a product term low, it is better to connect 
all inputs of a product term to all buffer 
outputs. This is because the two paths 
through a buffer do not have equal delays. If 
only one buffer was used to hold a product 
term LOW, any signal on the input of the 
buffer may cause a glitch on the output of the 
product term. 


A dash (-) is the opposite of a zero. It 
denotes neither the non-inverting or inverting 
output of a buffer is connected to the product 
term. If all of the inputs to a product term are 
dashed, then an internal pull-up guarantees 
that the output of the product term will be 
HIGH. This is used frequently for product 
terms controlling 3-State output buffers. In 
the PHD16N8 example above, the first and 
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third product terms control the 3-State output 
buffers of the second and fourth product 
terms. They are all dashed so the two outputs 
are constantly enabled. The other 3-State 
control product terms are all zeroed so the. 
unused outputs are in a high-impedance 
mode. 


The H and L characters denote respectively a 
connection between only the non-inverting 
and inverting buffer outputs and the product 
term's input. Reading the H and L characters 
on a specific product term's row almost 
makes the device appear to be a collection of 
many comparators. For example, the second 
product term of the PHD16N8 program table 
above is: 


The output of the product term will only be 
HIGH when the inputs match that pattern. In 
other words, the output will only be HIGH 
when 10 is HIGH AND 12 is HIGH. The fourth 
product term is: 


on L------ 


The output of this product term will be HIGH 
only when 10 is LOW. Note that the PHD16N8 
has a 3-State inverting buffer following the 
product term. Therefore, the device pin will 
be LOW when the product term is HIGH. 


A FIXED-OR architecture PLD such as the 
PLQ22V10 is represented by the following 
program table segment. 


HHHHHHHHHH 
DDDBBBBBBB 


0000000000000000000000 
0000000000000000000000 
0000000000000000000000 
0000000000000000000000 
0000000000000000000000 
0000000000000000000000 
0000000000000000000000 
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At the top of the program table are two lines 
which are shorter than the regular product 
term lines. These lines indicate the functions 
of each output macrocell (OMC). When the 
cursor is moved over the top row, the upper 
right box of SLICE will show POLARITY. 
Each character indicates how a particular 
output's polarity is programmed, either H or L 
indicating Active-High or Active-Low. Output 
F9 is on the left and FO is on the right. The 
next line will show CONTROL indicating 
whether an OMC is set for D-type flip-flop or 
combinatorial output. Valid characters in this 
line are D for flip-flop and B for bidirectional 
combinatorial output. 


The OR terms are not shown by SLICE 
because they are fixed. If the cursor is moved 
over a product term the indicator in the upper 
right of the editor will show with which output 
pin the product term is associated. The 
3-State control product term for a specific 
output occurs before the associated group of 
ORed product terms. For example, if the 
cursor is moved over the first product term, 
the indicator will show OE9-P23 which means 
that this product term is the output enable 
control for output F9. Moving the cursor down 
to the second product term shows PO-F9 
which indicates this term is one which feeds 
into the OR gate of output F9. 


The next program table segmentis from a 
PLUS153. This segment is from the top 
portion of the program table. 


------ LH----------A, AAAAAAAA 
aa---- HL----------A.AAAAAAAA 
------ HH----------. AAAAAAAAA 


000000000000000000. .AAAAAAAA 
000000000000000000. .AAAAAAAA 
000000000000000000. .AAAAAAAA 


Anew section has been added to what we've 
seen previously. The new section indicates 
the programming of the OR array and is 
represented on the right portion by “A” and 
dot (.) characters. In any PLA architecture 
device the OR array is connectable to any 
product term. This enables product terms to 
be ‘shared’ between outputs. For example, if 
an output called OUT1 had an equation of 
“OUT1 =IN1 * IN2 + IN3” and OUT2 had an 
equation of “OUT2 = IN1 * IN2” only two 
product terms would be needed for a PLA 
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while three would be needed for a FIXED-OR 
architecture device. One product term (IN1 * 
IN2) is common to both outputs and in a PLA 
may be connected to both OUT1 and OUT2. 
The FIXED-OR device would have to 
duplicate this product term — one for each 
output. In addition, a bipolar PLA device may 
even be reprogrammed if the changes are 
small. This can be achieved by disconnecting 
the unwanted product term from the OR 
array, adding the desired product term to the 
end of the program table and connecting it to 
the desired output. 


The OR section of the PLUS153 program 
table consists of 10 columns, one for each 
output and 24 rows, one for each possible 
product term connection (the other 10 product 
terms control the 3-State output buffers). We 
noted in the preceding paragraphs for product 
terms that each input buffer had both 
inverting and non-inverting outputs and thus 
four characters were required to describe 
possible connections. The AND gates only 
have only one output and therefore only 2 
characters are needed to represent a 
connection and lack thereof. This is denoted 
by an A and a dot (.) respectively. Also, this 
section is read vertically, NOT horizontally as 
the product term inputs. If a PLUS153 logic 
diagram is rotated 90 degrees, the 
relationship to the program table should be 
obvious. 


A section of an adder example is shown 
below. 


------ LH----------A. AAAAAAAA 
------ HL----------A.AAAAAAAA 
------ HH--------~--. AAAAAAAAA 


000000000000000000. .AAAAAAAA 
000000000000000000. . AAAAAAAA 
000000000000000000. .AAAAAAAA 


In this example outputs B(9) and B(8) are 
used. The remaining outputs are not used. 
The first and second product terms are 
connected to output B(9) and the third is 
connected to B(8). Notice that these product 
terms are also connected to all unused 
outputs. This does not cause any problems 
because of the 3-State control fusing as 
shown by the following segment from the end 
of the same PLUS153 program table. 
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000000000000000000. .AAAAAAAA 
000000000000000000. .AAAAAAAA 
000000000000000000 
000000000000000000 
000000000000000000 
000000000000000000 
000000000000000000 
000000000000000000 
000000000000000000 
000000000000000000 


HHLLLLLLLL 


FIXED-OR architecture devices have their 
3-State output control product term 
distributed between sections of OR 
groupings. PLA devices have control product 
terms displayed at the end of their program 
table. The outputs B(9) and B(8) have their 
3-State output buffer constantly enabled as 
shown by the dashed product terms. The 
other enabling product terms are all zeroed, 
forcing the unused B pins into their 
high-impedance 3-State mode. 


Leaving product terms connected to unused 
B pins gives an advantage if additional output 
pins are added at a later time. If another 
output is added that requires a product term 
which is already used by an output, then it 
may be possible to reprogram the old device 
with the new pattern. 


A minor section of the PLUS153 fusemap 
occurs as the last line as shown above. It 
consists of 10 characters which may be either 
H or L. These characters show the polarity of 
the outputs. An 'H’ denotes no inversion or 
the output is ‘Active-High’. An ‘L’ denotes an 
inversion or the output is ‘Active-Low’. In the 
adder example, B(9) and B(8) are both 
‘Active-High’. 


So, just to quickly review the PLUS153 adder 
example program table, three product terms 
were programmed. Two for the B(9) output 
which when read from the fusemap translates 
to B(9) = 10 * 11 +/10 * 11. This is an AND-OR 
implementation of the XOR function. Output 
B(8) used one product term of B(8) = 10 * 11. 
Both outputs are ‘Active-High’ and constantly 
enabled. 


The following is a PLUS405 program table 
segment. However, the different sections 
have been separated by spaces for clarity. 
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LH 
LLLLLLLLLLLLLLLL 

AA ---------------- ---+- LLL ~---- 
AA -~-------------- --~-- HLL ~---- 
AA ---------------- ----- LHL ----- 
AA ---------------- ----- HHL ----- 
AA -------~--------- --~-- LLH ----- 
AA ---~~----------~ ----- HLH ----- 
AA --~------------- ----- LHH ----- 
AA ---------------- ----- HHH ----~ 


00 0000000000000000 00000000 00000000 
00 0000000000000000 00000000 00000000 


Il) 1 | | | 
01 2 17 18 25 26 


The first row indicates the fusing 
configuration for the CLK1/CLK2 and INIT/OE 
options. The second row displays the flip-flop 
PRESET/RESET option for each flip-flop. In 
this example, all flip-flops will be reset upon 
an INIT signal on pin 19. 


The next row is a representation of a product 
term within the PLUS405 and it's connections 
to the OR arrays. Like the PLUS 153 it 
consists of two main sections. The product 
term array (columns 0 - 25) and the OR array 
(26 - 41). Ignoring columns 0 and 1 for the 
moment, columns 2 through 25 display the 
fusing of input buffers connected to the 
product term. It is exactly like the 
combinatorial devices we have seen so far. 
Columns 2 through 17 show the dedicated 
input buffer connection fusing and 18 through 
25 display the feedback from the internal 
buried (not connected to pins) flip-flops. In 
this example, the output of the first product 
term will be HIGH when the outputs of 
flip-flops P2, P1 and PO are all LOW. 


The OR array differs in it's representation as 
compared to a device without JK or SR 
flip-flops because of the two inputs required 
for JK flip-flops. As the input buffer to product 
term connections consists of two buffer 
output lines being fused to a single product 
term input, the PLUS405 OR array section 
consists of one product term output being 
fused to two OR gate inputs - one or the J 
and one for the K flip-flop input. Four 
characters are required to represent the two 
fuses. The same characters are used as in 
the product term section. The PLUS405's OR 
array section is still read vertically for a single 
output but it can also be read horizontally to 
determine the next state. In the above 
program table, columns 26 - 33 are inputs to 
P7 - PO (the internal flip-flops). Columns 34 - 
41 are inputs to F7 - FO which are the output 
flip-flops. 


A zero (0) is also the default virgin state 
condition of the OR array section. It 
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00000000 
00000000 

1 | | 
33 34 41 


represents a connection of the product term 
output to both the J and K inputs. Unlike a 
zero in the product term section, a zero may 
be found alone on the line. It is used to toggle 
the flip-flop upon a clock. Counters may be 
efficiently constructed using this feature. 


A dash (-) indicates that the product term 
does not connect to either the J or K. The 
flip-flop will remain in it's current state while 
being clocked. 


An “H" indicates the product term connects to 
only the J input of the flip-flop. If the product 
term is HIGH and after a clock occurs, the 
flip-flop output will be HIGH. 


An “L” indicates the product term connects to 
only the K input of the flip-flop. If the product 
term is HIGH and after a clock occurs, the 
flip-flop output will be LOW. 


Sometimes columns 18 - 25 are called the 
“present state” inputs because they come 
directly from the buried flip-flops. Columns 26 
- 33 are call the “next state” outputs as they 
connect to the buried flip-flops inputs and 
control to which state the flip-flops will 
transition. 


Looking at the above program table we can 
determine into which state this machine will 
go given a present state. Assuming that an 
INIT pulse occurred, all flip-flops will be LOW 
(this was read from the second line). This will 
make the very first product term (third line) 
active or HIGH. Upon the rising edge of a 
clock pulse, the state will change to HLL 
(P2-PO0) and the output also will change to 
HLL (F7-F5). The second product term (line 
four) will become HIGH and force a jump to 
HHH upon the next clock. This will cause the 
product term of line 10 to become active and 
force a jump to LHH. You should be able to 
follow the state machine from here back to 
state LLL. 


Although this state machine did not use any 
of the direct inputs, adding a pattern toa 


481 


product term would be quite easy. It would 
cause this state machine to wait in a state 
until the particular input pattern occurred on 
the input pins before proceeding to the next 
state. 


Columns 0 and 1 show the fusing of the two 
complement arrays. A complement array is 
actually a NOR gate whose input is 
connectable to any or all product term 
outputs and whose input is connectable to 
any or all of the product terms input. It can be 
used as an illegal state detector, forcing a 
jump to a known state, or as an “ELSE” jump 
generator 


The complement array’s column is a little 
different from what we've seen so far. This is 
because the complement array input spans 
all of the product terms output (like a regular 
OR gate) but it's output is fed back into the 
product term input’s section. Two fuses are 
represented by each character in the 
complement array column. A zero (0) 
indicates both the output of the product term 
is connected to the input of the complement 
array and the output of the complement array 
is connected to the product term's input. This 
condition is not used for a product term that 
has other inputs programmed because it 
could cause oscillations. 


A dash (-) indicates neither the output of the 
product term is connected to the complement 
array or the output of the complement array is 
connected to the input of the product term. 


An “A” denotes connection only between the 
product term output and the input of the 
complement array. A dot (.) denotes a 
connection only between the complement 
array output and the input of the product 
term. Graphical representations of these 
connection options are listed in the PLUS405 
data sheet. 


A portion of a PLHS501 program table is 
shown below: 
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Ce 


re ry 


Beemer ee tee ee eer ere see ae sera ee ere neta eee eee tee te eee eee eee eee reese eee eoee 


rr 


The first line indicates the state of the fuses 
enabling outputs B3-BO. An “H" indicates the 
3-State output buffer is enabled. An “L” 
indicates the specific B pin’s output buffer is 
permanently in the high-impedance mode. 


The remaining lines of the PLHS501 program 
table indicate how the inputs to each NAND 
gate are configured. In the above 
representation, the dashes and dots occur on 
different lines. While viewing the program 
table with SLICE, the 32 dashes and 72 dots 
occur on one line. Cursor control keys may 
be used to scroll the screen horizontally and 
vertically. The upper portion of the program 
table display inputs to NAND gate that 
connect to output buffers followed by the 72 
foldback NAND gates. The upper right status 
box of SLICE’s program table editor always 
displays the name of the NAND gate 
currently under the cursor as well as which 
input is at the cursor intersection. 


Each NAND gate of the PLHS501 has as it's 
inputs 24 dedicated input buffer outputs, 8 
bidirectional pins feedback buffer outputs, 
and the outputs of 72 foldback NAND gates! 
That adds up to a 104 input NAND gate and 
the PLHSS01 has 120 of them! The dashed 
portion of the line represents the 24 input and 
8 bidirectional pins feedback buffer 
connections. Valid entries are H, L, —, and 0. 
The meanings are exactly like the inputs to 
product terms described in the previous 
device examples. 


The remaining portion of the line contains 
dots (.) or “A” characters. This represents no 
connection or a connection to a foldback 
NAND gate’s output. The specific NAND 
gate’s name will be listed in the status box of 
the editor when the cursor is under an “A" 
character. 


In the above example, the first NAND gate 
does not have anything connected to it. The 
second has |0 (pin 41) and I2 (pin 43). The 
output of this NAND gate will go LOW only 
when 10 is HIGH and !2 is LOW. The third 
NAND gate doesn’t have any pin buffer 
inputs, but it does have the output of a 
foldback NAND gate (FB2) as an input. The 
fourth NAND gate has two foldback NAND 
gate outputs as inputs. They are FBO and 
FB1. The fourth NAND gate’s output will only 
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go active LOW when both outputs of FBO and 
FB1 are HIGH. 


The fusetable or program table for a 
PLUS153 is actually quite simple. It is divided 
into two main sections which represent the 
AND array and the OR array sections of the 
actual device. These sections contain 
characters which represent the fusing 
connections of the arrays. 


In a PLUS153, there are 18 buffers feeding 
into the inputs of 42 AND gates. Eight of 
these buffers are from input only pins (I0-!7) 
while the remaining 10 are from the 
bidirectional pins (BO-B9). Each buffer has a 
non-inverting and inverting output. Therefore, 
there are four possible output connections 
from each buffer to the input of an AND gate. 


Notice in the program table the H,L,— and 0 
characters which are located left of the ‘A’ 
and dot (.) characters. These characters 
represent the four possible input buffer 
connections to product terms (AND gates) 
and are read horizontally. There are 18 
columns in this section, one for each buffer 
and there are 42 rows, one for each product 
term. 


A zero (0) is the default or virgin state 
designator for the connection between a 
buffer and product term of the PLUS153. It 
indicates that both the non-inverting and 
inverting outputs from the buffer are 
connected to a product term’s input. This has 
the effect of holding the product term’s input 
and thus it’s output LOW. A Zero is usually 
not found on a row alone. To hold a product 
term low, it is better to connect all inputs of a 
product term to all buffer outputs. This is 
because the two paths through a buffer do 
not have equal delays. If only one buffer was 
used to hold a product term LOW, any signal 
on the input of the buffer may cause a glitch 
on the output of the product term. 


A dash (-) is the opposite of a zero. It 
denotes neither the non-inverting or inverting 
output of a buffer is connected to the product 
term. If all of the inputs to a product term are 
dashed, then an internal pull-up guarantees 
that the output of the product term will be 
HIGH. This used frequently for product terms 
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controlling the PLUS153's 3-State output 
buffers. 


The H and L characters denote respectively a 
connection between only the non-inverting 
and inverting buffer outputs and the product 
term's input. Reading the H and L characters 
on a specific product term's row almost 
makes the device appear to be many 
comparators. For example, if a product term 
had “ H-L ” listed as it's 
inputs, then the output will only be HIGH 
when the inputs match that pattern. In other 
words, the output will only be HIGH when I0 
is LOW AND I2 is HIGH. 





The OR gate input connections are 
represented by the other half of the program 
table. There are 10 columns, one for each 
output and 24 rows, one for each possible 
product term connection (the other 10 product 
terms control the 3-State output buffers). We 
noted in the preceding paragraphs that each 
input buffer had both inverting and 
non-inverting outputs and thus four 
characters were required to describe possible 
connections. The AND gates only have only 
one output and therefore only 2 characters 
are needed the represent a connection and 
lack thereof. This is denoted by an A anda 
dot (.) respectively. Also, this section is read 
vertically, NOT horizontally as the product 
term inputs. If a PLUS153 logic diagram is 
rotated 90 degrees, the relationship to the 
program table should be obvious. 


For example, a section of the adder example 
is shown below. 


Sse LH---~--~----A.AAAAAAAA 
Soe ces HL-----~---~-A.AAAAAAAA 
eae HH----------.AAAAAAAAA 


000000000000000000. .AAAAAAAA 
000000000000000000. .AAAAAAAA 
000000000000000000. .AAAAAAAA 


In this example the outputs B(9) and B(8) 
were named SUM and CY. The remaining 
outputs were not used. The first and second 
product terms are connected to SUM and the 
third is connected to CY. Notice that these 
product terms are also connected to all 
unused outputs. This does not cause any 
problems because of the 3-State control 
fusing as shown by the following segment 
from the end of the program table. 
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000000000000000000. .AAAAAAAA 
000000000000000000. .AAAAAAAA 
000000000000000000 
000000000000000000 
000000000000000000 
000000000000000000 
000000000000000000 
000000000000000000 
000000000000000000 
000000000000000000 


HHLLLLLLLL 


The outputs SUM and CY have their 3-State 
output buffer constantly enabled as shown by 
the dashed product terms. The other enabling 
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product terms are all zeroed, forcing the 
unused B pins into their high-impedance 
3-State mode. 


Leaving product terms connected to unused 
B pins gives an advantage if additional output 
pins are added at a later time. The PLA 
architecture of the PLUS153 allows product 
terms to be shared between two or more 
outputs. If another output is added that 
requires a product term which is already used 
by an output, then it may be possible to 
reprogram the old device with the new 
pattern. 


A minor section of the PLUS153 program 
table occurs as the last line as shown above. 
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It consists of 10 characters which may be 
either H or L. These characters show the 
polarity of the outputs. An ‘H’ denotes no 
inversion or the output is ‘Active-High’. An ‘L’ 
denotes an inversion or the output is 
‘Active-Low'’. In the adder example, SUM and 
CY are both ‘Active-High’. 


So, just to quickly review the adder example 
program table, three product terms were 
programmed. Two for the SUM output which 
when read from the fusemap translates to 
SUM = 10* /I1 +/10 * 11. This is an AND-OR 
implementation of the XOR function. Output 
CY used one product term of CY = 10 * 11. 
Both outputs were ‘active-high’ and 
constantly enabled. 


Philips Components-Signetics 


Third-party software support 


Programmable Logic Devices 


Data I/O Corporation 

10525 Willows Road N.E. 
P.O. Box 97046 

Redmond, WA 98073-9746 
Telephone: (206) 881-6444 


PART NUMBER TYPE PACKAGE ia DEVICE FILE ABEL REV. 


10020EV8 EC20EV8A 
10H20EV8 EC20EV8A 
10H20EV8 EC20EV8A 
CK2605 F2605 
CK2678 F2678 
PHD16N8 P16N8 
PHD16N8 P16N8 
PHD48N22 P48N22 
PLC 105 F105 
PLC153 F153 
PLC153 F153 
PLC159 F159 
PLC16V8 P16SV8 
PLC16V8 P16SV8 
PLC 18V8Z P18V8Z 
PLC18V8Z P18V8Z 
PLC20V8 P20SV8 
PLC20V8 P20SV8 
PLC415 F415 
PLC415 F415 
PLC42VA12 F42VA12 
PLC42VA12 F42VA12 
PLC473 F473 
PLC473 F473 
PLHS153 F153 
PLHS153 F153 
PLHS16L8 P16L8 
PLHS16L8 P16L8 
PLHS18P8 P18P8 
PLHS18P8 P18P8 
PLHS473 ; F473 
PLHS473 F473 
PLHSS01 PML501 
PLHS601 F601 
PLHS601 F601 
PLS100 F100 
PLS100 F100 
PLS101 F100 
PLS101 F100 
PLS102 F103 
PLS103 F103 
PLS103 F103 
PLS104 F105 
PLS105 F105 
PLS105 F105 
PLS150 F151 
PLS151 F151 
PLS151 F151 
PLS152 F153 
PLS152 F153 
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Data !/O Corporation (CONTINUED) 


PART NUMBER TYPE PACKAGE | #PINS DEVICE FILE ABEL REV. 


PLS153 F153 
PLS153 F153 
PLS154 F155 
PLS155 F155 
PLS155 F155 
PLS156 F157 
PLS157 F157 
PLS157 F157 
PLS158 F159 
PLS159 F159 
PLS159 F159 
PLS159A F159 
PLS159A F159 
PLS161 F161 
PLS162 F162 
PLS163 F163 
PLS166 F167 
PLS167 F167 
PLS167 F167 
PLS168 F168 
PLS168 F168 
PLS173 F173 
PLS173 F173 
PLS179 F179 
PLS179 F179 
PLUS105—40 F105 
PLUS105—40 F105 
PLUS153 F153 
PLUS153 F153 
PLUS153B F153 
PLUS16L8 P16L8 
PLUSI6L8 P16L8 
PLUS16R4 P16R4 
PLUS16R4 P16R4 
PLUS16R6 P16R6 
PLUS16R6 P16R6 
PLUS16R8 P16R8 
PLUS16R8 P16R8 
PLUS173 F173 
PLUS173 F173 
PLUS20L8 P20L8 
PLUS20L8 P20L8C 
PLUS20R4 P20R4 
PLUS20R4 P20R4C 
PLUS20R6 P20R6 
PLUS20R6 P20R6C 
PLUS20R8 P20R8 
PLUS20R8 P20R8C 
PLUS405 F405 
PLUS405 F405 
PML2552 F2552 
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Logical Devices, Inc. 

1201 N.W. 65th Place 

Ft. Laudedale, FL 33309 
Telephone: (305) 974-0967 


CUPL VER. 4.0A 
PARTNUMBER | DEVICE MNEOMONIC La ee #orp-terms | ,CUPLVER- 4.08 


10020EV8 P1020EV8 
10H20EV8 P1020EV8 
82S100 F100 
82S101 F100 
82S103 F103 
82S105 F105 
82S105A F105 
825151 F151 
828153 F153 
82S153A F153 
82S155 F155 
82S157 F157 
828159 F159 
828161 F161 
8258162 F162 
828163 F163 
82S167 F167 
82S167A F167 
82S168 F168 
828173 F173 
82S179 F179 
PHD16N8 P16N8 
PHD48N22 F48N22 
PLC153 F153 
PLC16V8 F16V8 
PLC18V8Z F18V8Z 
PLC20V8 F20v8 
PLC415 F415 
PLC42VA12 F42VA12 
PLC473 F473 
PLHS153 F153 
PLHS16L8A P16L8 
PLHS16L8B P16L8 
PLHS18P8A , P18P8 
PLHS18P8B P18P8 
PLHS473 F473 
PLHS501 F501 
PLHS502 F502 
PLS100 F100 
PLS101 F100 
PLS103 F103 
PLS105 F105 
PLS105A F105 
PLS151 F151 
PLS152 F153 
PLS153 F153 
PLS153A F153 
PLS155 F155 
PLS157 F157 
PLS159 F159 
PLS159A F159 
PLS161 F161 
PLS162 F162 
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CUPL VER. 4.0A 
PARTNUMBER | DEVICE MNEOMONIC | pms | aruses | #OFP-TERMS | peo VER. LEVEL 
9 


PLS163 24 

PLS167 24 48 
PLS167A 24 48 
PLS168 24 48 
PLS168A 24 48 
PLS173 24 42 
PLS179 24 43 
PLUS105 28 48 
PLUS153B/D 20 42 
PLUS16L8D/-7 20 64 
PLUS16R4D/-7 20 64 
PLUS16R6D/-7 20 64 
PLUS16R8D/-7 20 64 
PLUS173B/D 24 42 
PLUS20L8D/-7 24 64 
PLUS20R4D/-7 24 64 
PLUS20R6D/-7 24 64 
PLUS20R8D/-7 24 64 
PLUS405 28 64 
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Minc, Incorporated 

6755 Earl Drive 

Colorado Springs, CO 80918 
Telephone: (719) 590-1155 


PART NUMBER TEMPLATE NAME TECHNOLOGY PACKAGE ’ TEMPERATURE 


82S100B3A 
82S100BXA 
82S100BYA 
82S101B3A 
82S101BXA 
82S101BYA 
PLS100A 
PLS100F 
PLS100N 
PLS101A 
PLS101F 
PLS101N 


82S153AB2A 
82S153ABRA 
82S153ABSA 
PLC153-45A 
PLC 153-45FA 
PLC153-45N 
PLC153-60A 
PLC153-60FA 
PLC153-60N 
PLHS153A 
PLHS153N 
PLS153A 
PLS153AA 
PLS153AF 
PLS153AN 
PLS153F 
PLS153N 
PLUS153BA 
PLUS153BN 
PLUS153DA 
PLUS153DN 


PLS173 
PLS173BLA 
PLS173F 
PLS173N 
PLUS173BA 
PLUS173BN 
PLUS173DA 
PLUS173DN 


PLC473-60A 
PLC473-60FA 
PLC473-60N 
PLHS473A 
PLHS473F 
PLHS473N 


10020EV8—4F P10H20EV8 ECL CDIP COM 
10H20EV8—-4F P10H20EV8 ECL CDIP COM 
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PART NUMBER TEMPLATE NAME TECHNOLOGY PACKAGE TEMPERATURE 


PLHS16L8AA 
PLHS16L8AN 
PLHS16L8BA 
PLHS16L8BN 
PLUS16L8-7A 
PLUS16L8-7N 
PLUS16L8DA 
PLUS16L8DN 


PHD16N8-5A P16N8 TTL PLCC COM 
PHD16N8-5N P16N8 TTL DIP COM 
PLUS16R4-7A 
PLUS16R4-7N 


PLUS16R4DA 
PLUS16R4DN 


PLUS16R6-7A 
PLUS16R6-7N 
PLUSI6R6DA 
PLUS16R6DN 


PLUS16R8-7A 
PLUS16R8-7N 
PLUS16R8DA 
PLUS16R8DN 


PLC16V8H35A P16V8S 
PLC 16V8H35FA P16V8S 
PLC 16V8H35N P16V8S 
PLC16V8H45A P16V8S 
PLC16V8H45FA P16V8S 
PLC 16V8H45N P16V8S 
PLC 16V8Q35A P16V8S 
PLC 16V8Q35FA P16V8S 
PLO 16V8Q35N P16V8S 
PLC 16V8Q45A P16V8S 
PLC16V8Q45FA P16V8S 
PLC 16V8Q45N P1i6V8S 


PLHS18P8AA 
PLHS18P8AN 
PLHS18P8BA 
PLHS18P8BN 


PLC 18V8Z35A P18V8S 
PLC 18V8Z35FA P18V8S 
PLC 18V8Z35N P18V8S 
PLO 18V8ZIA P18V8S 
PLC18V8ZIFA P18V8S 
PLC 18V8ZIN P18V8S 


PLUS20L8~7A 
PLUS20L8-7N 
PLUS20L8DA 
PLUS20L8DN 


PLUS20R4-7A 
PLUS20R4-7N 
PLUS20R4DA 
PLUS20R4DN 
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PART NUMBER TEMPLATE NAME TECHNOLOGY | «PACKAGE | TEMPERATURE 


























PLUS20R6-7A CMOS COM 
PLUS20R6-7N CMOS COM 
PLUS20R6DA CMOS COM 


PLUS20R6DN CMOS 
























PLUS20R8—7A CMOS 
PLUS20R8-7N CMOS 
PLUS20R8DA CMOS 


PLUS20R8DN 
PLC20V8H35A 


CMOS 




























P20V8S 


PLC20V8H35FA P20V8S 
PLC20V8H35N P20V8S 
PLC20V8H45A P20V8S 
PLC20V8H45FA P20V8S 
PLC20V8H45N P20V8S 
PLC20V8Q35A P20V8S 
PLC20V8Q35FA P20V8S 
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_ Today’s engineer is constantly striving to 
consolidate higher complexity and more 
feature-intensive circuits into designs 
without sacrificing flexibility. In a 
competitive marketplace, designs need 
to be brought to market quickly. The 
Signetics solution is to provide 
high-performance Programmable Logic. 
Devices (PLDs) that can be quickly and 
easily integrated into system designs. 

In using this manual, some familiarity 
with PLDs is helpful. [n addition, we 
recommend the recently published text 
books, Programmable Logic Devices, by 
Geoff Bostock (McGraw-Hill, copyright 
1988), and i ' 
Guide by Roger Alford (Howard W. 
Sams & Co., copyright 1989). 


This document provides complete, 
straightforward application examples. 
The first three sections describe 
Signetics PLDs. Sections four through 
eight provide application examples. 
Most applications are accompanied by 
one or two pages of text. Some also 
include a circuit or block diagram and an 
AMAZE design file listing to implement 
that application. To save time, the files 
are available on diskette or by accessing 
the Signetics toll-free bulletin board: 
(800) 451-6644, 
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AMAZE SOFTWARE 

Design, simulation and device-program- 
ming support for all Signetics PLD 
families is provided by Signetics AMAZE 
PLD design software. AMAZE, which 
supports many of Signetics 
programmable products, includes 
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Boolean logic and direct state-equation 
entry. Functional and AC timing 
simulation models and an automatic test 
vector generator are included in the 
AMAZE PLD design package. The 
software runs with MS-DOS 2.0 or 
newer operating systems and is 
available free of charge to qualified 
users. Schematic capture capability is 
available in conjunction with Data I/O's 
FutureNet Dash System and the OrCad 
Systems Corporation OrCAD/SDT™ 
schematic capture software packages. 
The Signetics families of PLDs are also 
supported by Data !/O@’s design 
software package, ABEL™, and the 
P-CAD and CUPL™ design software. 
Automatic Map and Zap Equation Entry 
(AMAZE) software designed by 
Signetics will interface with most 
commercial programmers. 
AMAZE consists of five modules: 
© BLAST (Boolean Logic and State 
Transfer entry program) 


¢ PTE (Program Table Editor) 


@ PTP (PAL to PLD conversion pro- 
gram) 

@ DPI (Device Programmer Interface 
program) 

@ PLD SIM (PLD Simulator program) 


The software modules allow expansion 
for future requirements. They are user 
friendly with both HELP and ERROR 
messages. Simulator programs provide 
applications assistance and automatic 
test vector generation. 


Equipment requirements, products 
supported and details of product 
modules are contained in the AMAZE 
design software manual. 

AMAZE is available at no charge by 
request to the Signetics factory. 


Additional design support is usually 
available with the commercially available 
packages ABEL, CUPL PLDesigner, 
LOG/iC, etc. Programming support is 
always available through DATA I/O, 
STAG Microsystems, and several other 
programmers. 
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PRODUCT SECTION 
INTRODUCTION 

Signetics manufactures a wide range of 
PLDs and Programmable Logic 
Sequencers. In the area of PLDs, there 
are two basic architectures: 
Programmable Logic Arrays (PLAs) and 
Programmable Array Logic (PAL®). 


The PLA architecture consists of two 
interconnectable arrays with 
programmable connections between the 
input pins and a group of AND gates. 
Another programmable array exists 
between the AND gate outputs and the 
inputs to a group of OR-gates. Complete 
freedom of interconnection is possible 
with this arrangement. 


PAL-type devices, on the other hand, 
provide programmable interconnection 
between the input pins and the AND 
gates, but the outputs of the AND gates 
are tied to specific OR gates, then finally 
routed to output pins. By eliminating the 
programmability between the AND-OR 
area, some speed savings are achieved 
at the expense of interconnect freedom. 


Signetics Programmable Logic 
Sequencers combine the versatility of 
the PLA with flip-flops to achieve 
powerful state machines in a variety of 
user configurations. 


This section is designed to familiarize 
design engineers with the Signetics lines 
of PLAs, PALs, and Sequencers 
available, and acquaint them with their 
general capabilities and features. Each 
architecture is briefly showcased in an 
initial rendering with a short capsule 
description of the part. The serious 
reader should consult the data sheet 
sections of this PLD Data Handbook for 
full electrical details on any part. 
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Signetics PLAs are particularly useful in 
the design of wide address decoders 
and random logic replacement. The 
primary advantage Signetics brings to 
these applications with their PLA 
devices is product term sharing, which is 
made possible via the two 
programmable arrays. The familiar PAL 
architecture supports a programmable 
AND array, followed by a fixed OR array. 
Better. than 90% of the PAL devices that 
are available today are limited to 7 input 
wide gates. When pursuing a solution to 
a complex address decoding scheme, 
this restriction is prohibitive. The 
Signetics PLA devices support 100% of 
all product terms. Once a term is 
created, it can be shared with any or all 
of the output functions. No duplication of 
resources is incurred. The popular 
PLXX153 family support 32-input wide 
OR gates which are ideal for memory 
lO decoders. The addition of 
programmable output polarity also 
enhances design efficiency and logic 
minimization. 

The 2 programmable array concept 
dominates the Signetics PLD product 
line. With the exception of the PAL-type 
devices which have been geared for 
ulitmate performance, all Signetics PLDs 
have been architected with efficient and 
flexible PLA structures. With the largest 
breadth programmable product line in 
the industry, Signetics believes the 
designer can truly fill his requirements 
from the several product lines—PLA, 
PAL, and PLS. PLA device descriptions 
follow. 
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Signetics PLUS153D 

Figure 1-1 depicts the Signetics 
PLUS153D. This bipolar PLA is pin and 
functionally equivalent to all other 
Signetics 153 type PLAs (i.¢., the 
PLS153, PLC153, PLHS153), but 
requires no more than 12 nanoseconds 
to generate a stable output. 


The PLUS153D has eight dedicated 
inputs and 10 bidirectional pins. The 
bidirectional pins may be adapted to suit 
the user’s specific needs. 20-pin DIP or 
PLCC packages are available. 


The output structure of the PLUS153D 
includes programmable polarity contro! 
on each output. Either active HIGH 
(non-inverting) or active LOW (inverting) 
outputs are configurable via the EX-OR 
gate associated with each I/O. Individual 
3-State control of the I/O is also 
supported with the ten direction control 
AND terms (D1-D9). 


Other benefits to the PLUS153D include 
full pin compatibility with most 20-pin 
combinational PAL® parts. The natural 
product term sharing capabilities of the 
PLA architecture yield complete freedom 
of configuration should the engineer 
implement a particularly creative decode 
configuration. 
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Signetics PLUS173D 

Figure 1-2 depicts the Signetics 
PLUS173D. This bipolar PLA is 
functionally equivalent to the Signetics 
PLS173. The 24-pin PLUS173 has four 
more input pins than the PLUS153. The 
user may adapt the bidirectional pins to 
suit particular decoding needs, but the 
propagation delay time is still no more 
than 12 nanoseconds from stabilized 
input to stable output. 


By having more inputs than the 153 part, 
the 173 can either resolve more input 
lines or generate more outputs functions 
for the same number of inputs. Distinct 
3-State control over each output may be 
useful for controlling chip enables where 
contention (i.e., multiple access) may 
exist. 


For speed and input width, the 
PLUS173D is probably the best single - 
PLA available today for both memory 
and /O decoding. Combining the 12 
nanosecond tpp with the distinguishable 
range of 12 to 21 inputs, the designer 
can easily decode say 16 input 
addresses as well as read/write 
qualifiers or encoded status signals. 
Output polarity control (Active-High or 
Active-Low) is achieved by 
programming the Exclusive-OR gate 
associated with each output. 


The flexibility achieved with a PLA 
structure can be quickly appreciated by 
the designer who has experienced the 
frustration of the dedicated “OR” 
structures in PAL ICs. Currently, the only 
time penalty for the freedom granted by 
a PLA is a few nanoseconds! 
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PAL®-TYPE DEVICES 

Signetics provides state-of-the-art 
industry standard PAL devices, both 
bipolar and CMOS. The range of offers 
spans the entire gamut of performance 
options; zero-standby power generic 
devices specified over the commercial, 
industrial and military temperature 
ranges, or the ultimate in high speed, an 
ECL compatible 20EV8 device. Almost 
every option in between is also offered. 


The PAL architecture consists of a 
programmable AND array, followed by a 
fixed OR array. The somewhat rigid 
architecture lends itself to less complex, 
narrower logic functions. There are three 
basic PAL-type device configurations. 
The XXL8 devices are strictly 
combinatorial. The XXRX series offers a 
range of registered and combinatorial 
outputs. 
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The XXV8 series is considered to be 
generic in nature, in that the output 
macros are variable (hence the “V”) as 
combinatorial or registered. Most 
frequent applications include counters 
and shifters (the RX series), and small 
decoders and multiplexers (the L8 
series). 


Industry standard software can be used 
with Signetics PAL-type devices. Full 
support is also provided via the 
Signetics AMAZE Design software. 


The Signetics PAL-type device 
descriptions follow. The line is being 
expanded continuously. If you don't find 
the device you need for your circuit, 
please contact Signetics toll-free at 
(800)227-1817, Extension 900, 
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Signetics PLHS18P8B 

Figure 2-1 depicts the Signetics 
PLHS18P8B which is a bipolar, 
PAL-type device. The propagation delay 
time willbe 15 nanoseconds maximum 
from stable inputs to stable outputs. The 
part has 10 inputs, eight bidirectional 
pins, and 72 product terms. Due to the 
programmable output polarity, the 
PLHS18P8B can functionally replace 13 
other standard PAL devices. Being pin 
compatible to all 20-pin combinational 
PALs increases the parts’ versatility 
considerably. The PLHS18P8B can sink 
lo. = 24mA (max). 

Output polarity control for this PAL-type 
part is achieved identically to the 
procedure for the PLUS153D and 
PLUS173D. 

The PLHS18P8B is ideal for address 
and I/O decode for moderately fast 
microprocessors from both a speed and 
current drive capability. 
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Figure 2-1. Signetics PLHS18P8B 
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The PLUS16L8D and —7 
The PLUS16L8D and -7 PAL-type devices PLUS ateD 
are functionally identical to other 
commercially available 16L8 PAL ICs. 
Figure 2-2 shows an extremely simplified 
version. Less flexible than a PLA, the 
PLUS16L8D/-7 provides raw speed and 
current drive so important for driving SRAM 
arrays on RISC processors or the 
control/data lines on rapid bus structures. 
The PLUS16L8D has a worst-case 
propagation delay of 10ns. The worst-case 
tpp of the ~7 is 7.5ns. 24mA output drive is 
guaranteed. 


The PLUS16L8D/-7 have seven product 
terms per OR function and one per 3-State 
control. Six of the eight outputs can be 
configured as inputs or outputs. The 

PLUS 16L8D/-7 are available in 20-pin plastic 
DIL or 20-pin PLCC packages. 
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Figure 2-2. PLUS16L8 (D and -7) 
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The PLUS16R8D and ~7 
The PLUS16R8D and ~7, like the eines 
PLUS16L8D and -—7 is identical to other 
manufacturers’ registered PAL devices. The 
parts have eight inputs, eight outputs, and 
eight D-flip-flops. Each flip-flop feeds an 
output pin through a 3-State buffer. The 
output of each D-flip-flop, , is also fed back 
to the AND array. Each output is capable of 
driving 24mA Io, max, with all ouputs 
simultaneously asserted. 

The PLUS16R8D has a worst-case 
propagation delay of 10ns. The worst-case 
tpp of the -7 is 7.5ns. The PLUS16R8D and 
-7 are available in 20-pin plastic DIP and 
20-pin PLCC, 





Figure 2-3. PLUS16R8 (D and —7) 
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The PLUS20L8D and -7 

The PLUS20L8D and —7 devices have 14 
inputs, two dedicated outputs and six 
bidirectionals. The tpp are 10ns max and 
7.5ns max, respectively. The 24mA of output 
low current of these devices can drive 
capacitive address line inputs and pc-board 
traces through long layouts. This makes the 
particularly suitable for driving SRAM, video 
DRAM, and FAST dynamic RAM arrays in 
32-bit microprocessor environments. 


Identical to other commercially available 20L8 
PAL devices, the PLUS20L8D and —7 have 
56 functional product terms which are 
hard-wired to eight OR gates. Each OR gate 
drives an Active-Low output. The 3-State 
control of each output is from a dedicated 
AND product term. 


The worst-case propagation delays for the 
PLUS20L8D and 20L8-7 are 10ns and 7.5ns, 
respectively. 





Figure 2-4. PLUS20L8 (D and -7) 
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Figure 2-5. PLUS20R8 (D and -7) 


The PLUS20R8D and —7 

The PLUS20R8D and —7 are 24-pin versions 
of the 16R8 PAL device. With propagation 
delays of 10ns and 7.5ns max, the parts 
deliver 24mA of output low current drive. 
Eight D-flip-flops share a common clock and 
output enable line. The output of each flip-flop 
is dedicated to a separate output pin and is 
also fed back to the AND array. 


The PLUS20R8D and -7 are available in 
24-pin plastic DIL and 28-pin PLCC. 
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The PLC18V8Z 

The PLO18V8Z is a multi-function, generic 
PAL-type device. It is pin-compatible with, 
and can replace 22 different 20-pin registered 
and combinatorial PAL devices. To 
accomplish this, the conventional ‘single 
function’ output pin has been replaced by a 
configurable Output Macro Cell. Each Macro 
Cell contains a D-flip-flop or a combinatorial 
1/O path. Output polarity and 3-State control 
functions are also individually configurable. 
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Each OMC is fed by nine AND product terms, 
which are hard-wired in the classic PAL 
fashion. 


One of the key features of the part is its 
ability to sink 24 milliamps lo, compatible 
with other bipolar PAL devices—yet still 
comply with internal CMOS circuitry. The UV 
erasable version is available in 20-pin 
ceramic DIL with a quartz window. 
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Introduction 

Ten years ago, in their search fora 
straightforward solution to complex 
sequential problems, Signetics 
originated Programmable Logic 
Sequencers. Signetics Programmable 
Sequencers represent a product line 
which combines the versatility of two 
programmable arrays (PLA concept) 
with flip-flops, to achieve powerful state 
machine architectures. 


Each arrangement or “architecture” 
offers a variation of the basic concept 
which combines two programmable logic 
arrays with some flip-flops, in an 
undedicated fashion. The PLA product 
terms are not specifically dedicated to 
any particular flip-flop. All, none, or any 
mix in between may be connected to 
any flip-flop the designer chooses. The 
PLA structure therefore supports 100% 
product term-sharing as well as very 
wide OR functions preceding the 
flip-flops. 

Signetics line of Programmable Logic 
Sequencers has been further 
customized to accommodate specific 
types of state machine designs. Some 
have both registered and combinatorial 
outputs, specifically for synchronous and 
asynchronous Moore-type state 
machines. Others have state or buried 
registers, as well as output registers. 
These devices (PLUS105, PLC42VA12 
and PLUS405) are ideal for 
synchronous Mealy-type applications. 
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J-K and S-R register functions are 
another benefit. The logic functions 
provided by these types of registers far 
exceed the capability of a D-type 
register. The functionality of the J-K 
allows the designer to optimize the logic 
used in generating state transitions. 
Ninety percent of PAL devices have 
D-type registers. All the sequencers are 
equipped with three state options for 
bussing operations, JK or SR flip-flops 
and some form of register Preset/Reset 
functions. 


Finally, all PLS devices have a 
Transition Complement Array. This 
asynchronous feedback path, from the 
OR array to the AND array, generates 
“complement” transition functions using 
a single term. Virtually hidden in 
between the AND array and the OR 
array is the Complement Array. This 
single NOR gate is not necessarily “an 
array,” however the inputs and outputs 
of this complement gate span the entire 
AND array. The input(s) to the 
Complement Array can be any of the 
product terms from the AND array. The 
output of the Complement Array will be 
the ‘complement’ of the product term 
input. If several product terms are 
connected to the Complement Array, 
their respective complements can also 
be generated. The output of the 
Complement Array is fed back to the 
AND array, whereby it can be logically 
gated through another AND gate and 
finally propagated to the OR array. The 
significance being that the complement . 
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state of several product terms can be 
generated using one additional AND 
product term. For example, if an 
efficient method of sensing that no 
inputs were asserted was needed, the 
designer could connect the output of 
appropriate AND gates to the 
complement NOR gate. The output of 
the NOR gate could then be used to 
condition and then set or reset a flip-flop 
accordingly. As well, he could detect a 
particular state variable combination and 
force a transition to a new state, 
independent of the inputs. Or he could 
combine input signals and state (AND) 
terms to generate a new composite 
term. In any of these applications, the 
Complement Array greatly reduces the 
number of state transition terms 
required. 


In order to present the material in the 
most concise fashion, a brief state 
equation tutorial is presented first. The 
PLUS105 description immediately 
follows. In this capsule description, the 
level of detail is expanded, so read it 
first for basic understanding. Each 
additional presentation will be done with 
regard to the fundamentals described for 


the PLUS105. Figure 3-3 shows the 


detailed drawing of the PLUS105 in full 
detail. Figure 3-4 shows a compressed 
rendition of the same diagram so that 
the reader can understand the diagram 
notation. The compressed shorthand 
version will be used for the rest of the 
sequencers. 
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Figure 3-1. Up-Down Counter 
State Diagram 


State Equation Tutorial 

STATE equation entry is a convenient way to 
describe elementary sequential machines ina 
manner which is directly related to a state 
diagram of the machine. The basic 
commands are few, but can be combined ina 
powerful fashion. Figure 3-1 shows a 4 state 
up-down counter for a machine with an 
U(up)/D(down) input line. Figure 3-2 shows 
the state equation syntax to implement Figure 
3-1. 


The basic meaning can be summarized in the 
following way. Simply, “while in state X” if 
input “Y” occurs, “transverse to state Z”. This 
is a Moore machine model. Mealy may be 
accommodated by addition of the “with” 
operation which designates an output 
variable being associated as shown below: 


A) While [CURRENT STATE] 
with [OUTPUT VARIABLE] 

IF [INPUT VARIABLE] 

then [NEXT STATE] 


or 


B.) While [CURRENT STATE] 
IF [INPUT VARIABLE} 
then [NEXT STATE] 

with [OUTPUT VARIABLE] 


If a latched output variable is desired, the 
addition of a prime notion (/) to the right of the 
output variable is required. 


The designer must assign the binary values 
of choice to specific states for a state 
equation function to be implemented. The 
Signetics AMAZE manual details state 
equation solutions with more examples, but 
the advantage of state equations is that the 
designer can be less involved with the 
internal structure of the sequencer than 
required by other methods. 
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[STATE 0] 
IF [U} 
IF [/D] 


[STATE 
[STATE 


{STATE 1] 
IF [U] 
IF (/D] 


[STATE 
[STATE 


(STATE 2] 
IF (U] 
IF {/D] 


[STATE 
[STATE 1] 


[STATE 3] 
IF [U} 
IF [/D] 


THEN 
THEN 


[STATE 0] 
[STATE 2] 


Figure 3-2. STATE EQUATIONS to Implement Up-Down Counter 


The PLUS105 

This part (Figure 3-3) has sixteen logic inputs 
and eight outputs. It also has eight S-R 
flip-flops tied directly to those output pins 
through 3-State buffers (common control from 
pin 19). The user may select pin 19 to be an 
Output Enable signal or an asynchronous 
preset (PR) signal which is common to all 
flip-flops. Embedded into the device are 48 
AND gates. All flip-flops are S-R type with an 
OR gate on both S and R. The designer may 
choose any number of product terms and 
connect them with any OR gate. The product 
terms can also be shared across any OR 
gate, as needed. Six of the 14 flip-flops are 
termed “buried registers” as their outputs are 
fed back to the AND array, regenerating both 
the Q and /Q state variables. There is no 
direct connection to an output. Both the input 
signals and the state variables Q and /Q are 
fed to the AND array through buffers which 
provided the TRUE (or noninverted) and 
Complement (inverted) renditions of the 
variable. This is critical for the efficient use of 
the AND array. The designer has all state and 
input variables necessary to generate any 
State transition signal to set and/or reset 
commands to the flip-flops. Because of this 
AND/OR arrangement, combined with 
complete freedom of configuration, all 
sequential design optimization methods are 
applicable. 


There are many other feature capabilities 
suitable for creative usage. For example, itis 
common practice to use the 48 product terms 
with the 6-bit buried register, treating the 
output 8-bit register as an intermediate, 
loadable data register only. This provides a 
very good bus “pipeline” for the internal 6-bit 
machine. However, other logic options can be 
accomplished by combining internal state 
information (present state) with current input 
information, generating a next state which is 
different from the current internal state. 
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Figure 2-3. PLUS105 
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Figure 3-4. Compressed Drawing of PLUS105 
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The PLS155, 157, and 159A constitute a 
three part family of 20-pin sequencers that 
are well suited for high speed handshakers, 
counters, shift registers, pattern detectors 
and sequence generators. Additional 
applications include testability enhancement, 
demonstrated in the application examples of 
signature analysis and pseudo random 
number generation. The three devices are 
very similar in architecture. All have a total of 
12 possible outputs. The difference is the 
ratio of combinational I/O to registered 
outputs available. 


The PLS155 

The PLS155 is a sequencer providing four 
J-K flip-flops with a PLA having 32 logic 
product terms and 13 control product terms. 
Eight combinational I/O are available in 


(LOGIC TERMS) 
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addition to the four registered outputs. All of 
the state variables and combinational 
variables are presented to the output pins by 
way of 3-State inverting buffers. The 
combinational and state variable outputs are 
fully connected (fed back) back to the AND 
array in both the True and Complemented 
form of the variable. The product includes a 
special feature that allows the user to 
configure the flip-flops as either J-K or D 
flip-flops on an individual basis. A Register 
Preload feature is supported via two product 
terms (La, Lb) which permit “back loading” of 
data into the flip-flops, directly from the output 
pins. The part can now be easily forced into 
any known state by enabling La, Lb, applying 
data at the outputs (previously “3-Stated”), 
and applying a clock pulse. Register Preset 


(CONTROL TERMS) 





Figure 3-5. PLS155 Architecture 
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and Reset functions are controlled in 2 banks 
of 2 registers each. Note that contro! product 
terms are from the OR array. 


The outputs of all variables are 3-State 
controlled by a unique partition. Pin 11 
provides an Output Enable input (OE) which 
can be asserted with the EA and EB control 
product terms. EA controls the flip-flops FO 
and F1, and EB controls F2 and F3. Each 
combinational output term has a distinct 
3-State control term (DO - D7) originating 
from the AND array of the PLA. Each 
combinational output variable can be 
programmed as inverting (active LOW) or 
non-inverting (active HIGH) by way of the 
output polarity EX-OR gate associated with 
each I/O pin. 
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The PLS157 The number of product terms, the Designs requiring more than 16 states but 
This sequencer features all the attributes of Complement array, Output Enable, 3-State less than or equal to 64 states are solid 

the aforementioned PLS155, however, two configurations, Register Preload, etc., track candidates for realization with the PLS157. It 
flip-flops have been added, at the expense of | the PLS155 part. As with the PLS155, distinct can be configured as a Moore machine for 
two of the combinational outputs. Pins 13 and clock input on pin 1 is provided for counter and shifter designs from the flip-flop 
18 on the PLS157 are flip-flop driven, where synchronous operation. Register Preset and outputs, or as high speed pulse generators or 
the same pins on the PLS155 are Reset are available in 2 banks. PinF,and Fs | sequence detectors with the combinational 
combinatorial, driven from the PLA. Again, all are controlled from the AND array (Product outputs. Mixed solutions are also possible. 
variables (input, output, or state variables) Terms Pg and Rg). The remaining 4 registers, 

fully connect over the PLA portion with both Fo - F, are controlled by the sum terms (from 

True and complemented versions supplied. the OR array) Pa and Ra. 


(LOGIC TERMS) (CONTROL TERMS) 
L 


ee 
fon a a re re ee eg 


Figure 3-6. PLS157 Architecture 
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The PLS159A of available internal states while maintaining For enhanced performance, the flip-flop 

By extending the PLS157 arrangement even product term and pin compatibility. Note that outputs are inverted. To provide positive 
further, the PLS159A can be derived. Again, all registers are controlled from the AND outputs for shifters and counters, the input 
maintaining identical input, product terms, array in 2 groups of four. variables and state feedback variables can be 
Complement array and similar 3-State | The PLS159A is an octal part. It readily eee ee oa 
partitioning, the PLS159A also resides in a enters the environment of the 8-bit data or the feedback path through the gate 


20-pin package. The expansion to dual 4-bit 
banks of flip-flops, at the expense of 2 
combinational outputs, enhances the number 


operand as well as the bus oriented system. puay 


(LOGIC TERMS) (CONTROL TERMS) 





Figure 3-7. PLS159A Architecture 


November 1990 510 


Philips Components—Signetics Programmable Logic Devices 





Programmable logic design and application notes 





There are three basic members in the 24-pin 


package family: The PLS167A, the 


PLS168A, and the PLS179. The PLC42VA12 


is discussed elsewhere. 


The PLS167A 

The PLS167A has 14 logic inputs and six 
registered outputs (S-R flip-flops). Six 
additional buried flip-flops reside beside the 
48 product term AND array. This device can 
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support state machine designs of up to 256 
states—as two outputs feed back into the 
AND array, making a total of eight buried 
registers. There is complete feedback 
connectivity of the inputs and the state 
flip-flop outputs to the PLA AND gates. 
Organizationally it has much more in 
common with the PLS105A than the 
aforementioned 20-pin parts. The 
asynchronous Preset and the Output Enable 


Figure 3-8. PLS167A 





Sit 


are identical to the PLS105A. 


By having the output latched state variable 
capability, it provides an automatic buffer for 
bus based systems. The current state may be 
presented, fully stable and synchronized toa 
bus—while the internal buried machine is 
transitioning to the next state based on 
current input conditions. 
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The PLS168A 

This sequencer is a down-scaled version of 
the PLS105A. Having identical product terms, 
Complement array, asynchronous 
PRESET/Output Enable options, and 3-State 
controls, its primary difference is having 12 
inputs compared to the PLS105A's 16 inputs. 
However, the PLS168A can become a state _ 
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machine of up to 1024 states due to internal 
feed back of its six state registers, plus the 


feedback of four of the eight output registers. 


The PLS168A is packaged in a 300mil-wide 
24-pin DIP or 28-pin PLCC. 


This is also an octal part, providing an 8-bit 
register to a bus based system. State 


Figure 3-9. PLS168A 


§12 


registers, interrupt vector synchronizers, 
counters, shifters, or just about any basic 
state machine can be generated and 3-State 
interfaced to a computer bus with a 
PLS168A. Outputs provided by the positive 
asserted sense make state transitioning and 
loading of state variables straightforward. 
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The PLS179 

The PLS179 is architecturally similar to the 
PLS159A. The 3-State enable, number of 
product terms, flip-flop mode controls, 
register preload, etc., are all identical to the 
PLS159A. The four additional inputs are the 
dominant differentiating feature for this part 
as compared to the PLS159A. As with the 
PLS159A, the PLS179 Preset and Reset 


1 
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functions are controlled from the AND array 
in 2 groups of 4 registers each. 


The PLS179 is also an octal part. Providing 
the state contents directly to the pin through 
3-State buffers allows counters and other 
sequence generators direct access to an 
asserted low octal bus. Some design 


Figure 3-10. PLS179 Architecture 
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creativity will generate positive assertion 
through the pin inverters, for positive driven 
busses. Additional input pins expand the 
capability of the part beyond the PLS159A. 
Input combinations may be presented ina 
wider format, more fully decoded to the 
sequencer for faster reaction and less 
external circuitry than the PLS159A requires. 
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The PLUS405 

The PLUS405 is a functional superset of the 
PLUS108. It is also much faster. The 
performance of the PLUS405 has been 
dramatically improved relative to the 
PLS105A. Available in two speed versions, 
the operating frequencies (‘/tis + tcxo) range 
from 37 to 45MHz (minimum guaranteed 
frequency). The clock frequencies, or toggle 
rate of the flip-flops, are SOMHz and 
58.8MHz, respectively. The PLUS405 has 16 
more product terms and two more buried 
state registers than the PLUS105. Equipped 
with two independent clocks, it is partitionable 
into two distinct state machines with 
independent clocks. And, it contains two 
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independent Complement arrays, allowing full 
benefits over both machines. 


The PLUS405 can be partitioned as one large 
state machine (16FFs) with 64 available 
p-terms using one clock and 16 inputs or 
alternately two state machines (8FFs each) 
with independent clocks, sharing 64 p-terms 
with 15 inputs in any combination the user 
desires. The Complement arrays can be used 
to generate the “else” transition over each 
state machine or alternately used as NOR 
gates. They can be coupled into a latch if 
needed. 


The Asynchronous Preset option of the 


PLS105/167/168 architectures has been 
replaced with a Programmable Initialization 
feature. Instead of a Preset to all logic “1"s, 
the user can customize the Preset/Reset 
pattern of each individual register. When the 
INIT pin (Pin 19) is raised to a logic “1", all 
registers are preset/or reset. The clocks are 
inhibited (locked out) until the INIT signal is 
taken Low. Note that Pin 19 also controls the 
OE function. Either Initialization or OE is 
available, but not both. 


A CMOS extension to the PLUS405 is 
Signetics PLC415, which is pin compatible 
and a functional superset of the PLUS405 
architecture. 


PLUS405 


Circuitry with dashed line 
Is replicated four times. 
(16 JK flip-flops) 





Figure 3-11. PLUS405 
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The Future is Here Now. 

Recent architectural extensions are currently 
available from Philips Components-Signetics. 
These include the PLC415 and PLC42VA12. 
These new “Super Sequencers” are available 
now for high-end new designs. Please check 
the data sheet section of this handbook for 
more information. See also the CMOS 
Sequencer Solutions section for more design 
examples using the PLC415 and the 
PLC42VA12. 
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APPLICATION SECTION 
INTRODUCTION 

This section provides examples of the 
wide ranging applications for Signetics 
PLD products. In microprocessors, for 
example, PLDs can solve complex 
interfacing problems. Their wide input 
gates make them ideal for micro- 
processor decoding, memory and 1/O 
functions. 


Communication is another key area 


where PLDs can solve difficult problems. 


Here PLDs simplify the process of 
developing products to an emerging 
standard. Signetics has provided a 
series of examples to show PLDs make 
it possible to change a design the same 
instant the standard changes. The 
examples contain a range of 
applications from whole protocols and 
simple scramblers to a customizable 
speech synthesis system. 


Other examples in this section illustrate 
applications in home security and 
instrumentation. 


The applications in this section are 
designed to show how Signetics PLDs 
can solve many classic design 
problems. However, it is important to 
note that each example exploits only 
one of the many facets of the product. 


MICROPROCESSOR 
INTERFACING WITH SIGNETICS 
PLDS 

Microprocessor interfacing is the art of 
connecting the attributes of a micro- 
processor, very skillfully to its 
surrounding environment. They must 
lineup carefully and match the 
appropriate timing, address and data 
signals to achieve an effective 
interaction. This section illustrates 
multiple interfacing examples. 
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Introduction 

Architectural bottlenecks have migrated 
from one point to another within a 
system throughout the history of 
computer design. Currently, processor 
speeds and memory cycles have 
become so tightly designed that little 
margin exists should any incompatibility 
arise between them. Driven for both 
speed and pin compatibility, DRAM 
manufacturers have added additional 
modes to their designs such as the 
nibble and page modes. Processor 
designers have resurrected the multiple 
bus Harvard architectures, as evident in 
some of the commercially available 
RISC chips. And, by using small block 
read ahead caches, the processors hide 
slower DRAM accesses typically by 
bursting as many as four words ina 
read cycle. Attempting to match the 
DRAM to the processor, or perform 
parity or ECC at full speed (i.e., no wait 
states) requires a fine balance of time 
budgeting, cost tradeoff and impedance 
matching among other issues. 
Performing all of these functions has 
resulted in an address decode time 
between 10 and 20 nanoseconds, 
depending on the required set of 
tradeoffs. For example, a tight 80386 
memory cycle at full speed may require 
10 nanoseconds, which could be 
accomplished with a D-speed PLD, or 
with a fast PROM. Less than 10ns is 
desirable, so 7.5ns PAL-type devices 
will help. The new PHD16N8 and 
PHD48N22 are ideal. 


System Partitioning 

Currently, most 32-bit processors 
generate an address capable of logically 
spanning four gigabytes. This is 
accomplished with 32 bits of distinct 
address lines. Available memories 
occupy much less (i.6., 1 megabit or 
less). A 1 megabit DRAM requires 
twenty bits of address, so selecting 
across twelve bit fields may be 
appropriate. Single module selection (or 
common address banks) could be 
accomplished with any logic device 
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which can decode ({i.e., generate a 
select condition) over the 12 high order 
address bits. Many contenders exist for 
this reason. The classic solution would 
be the 74S133 (tpp = 4ns) 13 input 
NAND gates with an additional 74504" 
inverter to decode. Total decode time is 
at least eight nanoseconds. Depending 
on the cycle requirements, this may be 
required, but typically is not. A more 
efficient method is simply a PLD which 
combines the wide logic gate with “free” 
input inverters where required. 


Additional select qualifiers may be 
needed to distinguish the precise 
assertion time of the select signal. The 
total number of decoding inputs will 
exceed the applied address signals. 


Given the memory choices selected, the 
designer must choose a decoding 
device which meets his criteria. A typical 
system would have a mix of PROM 
(system functions), STATIC RAM (no 
wait memory or cache), DRAM (slower 
bulk store) or dual port memory (video 
RAM or shared store). Each will have 
different timing constraints. Most 
systems today will have much less than 
the four gigabytes they can address, but 
for software expansion reasons (or other 
system considerations) the memory may 
not run contiguously and small patches 
might be spread over the entire range. It 
will be important to decode precisely to 
known regions and avoid accidental 
reference to nonexistent regions. 


In selecting a decode device, assuming 
one is required, several considerations 
become key. Should the software allow 
it, or the performance require it, the 
fastest decode is by distinct selection via 
direct connection to high order address 
lines. In today’s organizations this will be 
the fastest, most fragmented memory 
space. Electrical drive pitfalls can exist 
here. 
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Tight layout of the board is also important so 
that precious, paid for nanoseconds are not 
given up to long PC connect lines, input 
capacitance and voltage reflections. Many of 
the Signetics candidates illustrated in this 
discussion are limited to speed applications 
requiring no more than 16mA output drive. 
They may be inappropriate for extremely 
dense RAM arrays with long pc-trace 
interconnects. For simple, fast decode 
purposes, the D-speed PAL-type devices are 
good, with a logical choice being the 7.5ns 
PAL ICs. The new PHD family of parts is 
even better. 


Some straight forward decoding examples 
follow with criteria for selecting specific 
Signetics PLD products for decode. These 
examples exploit only one of many facets 
offered by these products. Other examples 
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illustrate the use of Signetics PLDs for 
customized interrupt handling and a most 
extensive example shows a powerful solution 
to a SCSI bus interface. 


Bus Size Decoding for the 68020 
— PLHS18P8B 


Address decode for this class of processor is 
shown in successive sections (i.e., 68030 
and 80386). This example depicts a slightly 
different problem—‘“data bus sizing” which is 
accomplished by decoding the address and 
control signals replicated in the logic diagram 
in Figure 4-1. Basically the 68020 device will 
strobe data onto the 32-bit databus in byte 
oriented subfields of the large word. Sixteen 
bit ports can receive either the upper or lower 
16 data lines. Other ports can respond to LLD 
(Data 0-7), LMDF (Data 8-15), UMD (Data 


Figure 4-1. 68020 Bus Sizing Logic 
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16-23), or UUD (Data 24-31). All subfields 
can be simultaneously asserted as dictated 
from decoding the size control lines (SIZO, 
SIZ1) in conjunction with the low order 
address lines (AO, A1). 


Because the solution requires no product 
term sharing and is intensive on neither input 
nor output pins, a simple fast PAL device is 
the best choice—the PLHS18P8B is 
designated. The basic operation is to decode 
the input lines to indicate whether the bus 
should have 8, 16, or 32 bits driven onto it. 
These signals are supplied to a device 
external to the microprocessor which then 
asserts the corresponding data. Figure 4-2 
shows an appropriate pinlist under AMAZE 
with Figure 4-2 showing the logic equation 
file. 


Upper Upper Data (32-Bit Port) 
Upper Middie Data (32-Bit Port) 
Lower Middle Data (32-Bit Port) 
Lower Lower Data (32-Bit Port) 
Upper Data (16-Bit Port) 
Lower Data (16-Bit Port) 
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File Name 
Date 
@DEVICE 
PLHS18P8 
@DRAWING 
@REVISION 
@DATE 
@SYMBOL 
@COMPANY 
@NAME 


BYTESEL 
4/31/1988 


@DESCRIPTION 


@PINLIST 


“PINLABEL PIN # 
AO 
Al 
SIz0 
sI2l 
N/C 
N/C 
N/C 
N/C 
N/C 
GND 
N/C 
N/C 
N/C 
LD 
UD 
LLD 
LMD 
UMD 
UUD 


vcc 20 


<--REFERENCE-->” 
PIN_ID OE_CTRL” 
0 
Il 
12 
13 
14 
15 
16 
17 
18 
GND 
19 
BO 
Bl 
B2 
B3 
BA 
BS 
BG 
B7 
vec 


PIN_FCT 


< 


ww 


I 
I 
I 
I 
I 
I 
I 
I 
I 
ty) 
I 
/ 
/ 
0 
oO 
oO 
oO 
° 
° 


Na Se Se Se Se Ne Ma Me Se Me Me Ne Me Ne Me Se Ne Ne Ne Ne 


+5V 


@COMMON PRODUCT TERM 


“CPT label = 


(expression) ” 


@I/O DIRECTION 
@LOGIC EQUATION 
UUD= /AO*/Al ; 
UMD= /SIZ0*A1+A1*A0+SI21*/Al ; 
LMD= /A0*A1+/A1*/S1IZ1*/SIZ0+SIZ1*SIZ0*/A1+/SIZ0O*/A1*A ; 


LLD= AO*SIZO*SIZ1+SIZ0*/SIZ1+A0*A1+A1*SI21 ; 


UD= /A0 


. 
, 


LD= AO+SIZ1+/SIZ0 ; 


Interfacing to SPARC — 
PLUS20L8-7 

The SPARC™ processor is a modern RISC 
device configured from a popular CMOS gate 
array. Architectural details can be found in 
data sheets and literature. Supporting a full 
32 bit address decode at full speed requires a 
60 nanosecond instruction or data cycle. We 
will consider a 60ns part although a 30ns one 
is available. Figure 4-3 shows the pin 
definition and Figure 4-4 the basic timing. The 
address is driven out in two phases (low and 
high) and the data must be present 54 
nanoseconds after the rising edge of clock 1. 
To meet the access time will require an 
SRAM of less than 60ns. In fact, the address 
generation requires 30ns from when the low 
address is valid to when the high address is 
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Figure 4-2. BYTESEL Design File 


valid. This is almost untenable and most 
designs will rely on the high order address 
lines seldom changing with respect to the low 
order ones. Therefore, assuming the high 
order lines are static and basing address 
calculations on the low order transitions 
seems reasonable. Detecting a change from 
one “segment” to another in the high lines 
can key a “wait” condition when addresses 
make big jumps. By not doing this, will force a 
very expensive SRAM solution if zero waits 
are required. Assuming zero wait states are 
desired, this will require a memory less than 
20ns access, if the fastest (7.5ns) PLD is 
chosen. By virtue of its restricted width and 
even more restricted speed option for a zero 
wait state solution, the PLUS20L8~7 is the 
only contender. This restricts the SPARC 
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address space to 32 independent modules. 
The low order address lines must be latched 
within the RAM or externally. 


Full performance can be achieved for 32, 
64K-bit static RAMs comprising '/o-mega 
word store at full speed. By allowing a single 
wait state, the options open enormously to 
include a full spectrum of SRAMs, PROMs, 
even DRAMs with any of the other decode 
devices. Figure 4-5 shows four such modules 
selecting off of AL17-AH21 address lines into 
16K x 4-bit, 35ns SRAMs. This populates the 
entire lower two megaword space with high 
performance static RAM. The high order 
address lines (AH22-AH31) can select other 
such modules for expansion purposes. 
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13 
nat AL17-ALO 


ent ADDRESS 


16 
w= AH31-AH16 ce 


p> AS17-AS1 
3 5 
Cz oaoe } DATA 
D BUS 
E> HAL 
oS WE 
SED BUS CYCLE 
COPROCESSOR > DEFINITION 


INTERFACE p> DFETCH 
eo SIZE 


BUS CYCLE 
CONTROLS 


SYSTEM 
TEST 
CONTROLS 


INTERRUPT 
& SYSTEM CONTROLS 


MISC. J - 
cont { nis 
LOST «ij 


Figure 4-3. SPARC Pin Definition 
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mT} 
c™ 


Data Setup 4ns min 


All times with respect to CLK1 rising edge 
AL = low order addresses 

AH = high order addresses 

0D31-D0 = Data 

AS! = address strobes 

Move 


Figure 4-4, SPARC Instruction Fetch Timing 
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Figure 4-5. 1/2MEG SPARC SPACE 
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The 80386 Pipeline Decoder — 
PLUS153D 

For example, select a mix of memory that will 
be located in small addressing chunk 
segments within the lower 16 megabytes of 
the 80386 four gigabyte address space. See 
Figure 4-6. 


This decoding method will impact the 
memory addressing, but in a different way. 
The 80386 supports a mode whereby a next 
address can be asserted early (1 clock cycle) 
if the user asserts the NA# pin. The 
interleaved slower memory may be sued by 


2X CLOCK 


80386 


CONTROL 
READY# 


BUS 
ARBITRATION 


wremoraf 


PROCESSOR 


getting the nest address earlier than normal 
to trigger an early memory cycle. Because we 
will be driving a single signal, NA#, a 
PLUS153 can be configured with eight inputs 
and nine of the bidirectionals configured as 
inputs (i.e., 17 inputs, one output). By 
decoding addresses 31-17 with the status 
signal M asserted high and ADS# asserted 
low, an NA# will assert early to initiate a 
pipelined early transfer with a slower RAM. 
This approach allows designers to tune their 
specific memory speeds to the processor, 


ADDRESS 
ENABLES 


BUS CYCLE DEFINITION 


COPROCESSOR SIGNALING 


POWER CONNECTIONS 





Figure 4-7. Functional Signal Groups 


Figure 4-7 illustrates the 80386 signal groups. 


Figure 4-8 illustrates various bus cycles with 
no wait states, and no pipelining. 


Figure 4-9 illustrates bus cycles with and 
without pipelining. 


Figure 4-10 illustrates the CLK2 time spans. 
Figure 4-11 illustrates the NA# pinlist. 


Figure 4-12 illustrates the .BEE file for NA# 
generation. 
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according to timing needs. 


Figure 4-10 shows NA# generated for a 
pipelined address located in the lowest 128K 
of the address space. In Figure 4-11, the 
PLUS153D is shown as a single 17-input 
NAND function, most of the remaining portion 
of the part is unused. The address strobe and 
M signals are included to correctly qualify the 
address and not generate glitches into the 
NA# pin. Unless the p.c. board is poorly 
designed, the output drive of the PLUS153D 
will be adequate to drive the NA# pin and any 
additional PC-metal. Figure 4-12 shows the 
AMAZE equation to decode. 


GIGABYTE 3 


GIGABYTE 2 


GIGABYTE 1 


GIGABYTE 0 


1 MEG Chunk 


GIGABYTE 0 


Figure 4-6. A Typical Address Space 
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IDLE CYCLE 1 CYCLE 2 CYCLE 3 IDLE |] CYCLE 4 IDLE 
NON-PIPELINED| NON-PIPELINED] NON-PIPELINED NON-PIPELINED 
(WRITE) (READ) (WRITE) (READ) 


74 Ti) 712 | 11) T2 | T1y T2 4 71:1 71: «T2 4 TH 


CLK2 [ 


Ll ll lM chal pl be 
mast” XMXXXX vauior X vauioe X vauios XXXXX vais XXXN 


(ono XXX XXX /\ /\ AA K 


M/10#.D/C# 
ea ee aa 


wee © PRORDY HAY eee 
=o 
[esos leas 


we L be a aa shh a ropmibenion 
BUS SIZE BUS SIZE BUS a BUS SIZE 


Cy CS a ~ 
~~, —, Oo -, 


aster | XXXXXKXKMY ~ YXXXXY Tots XKXAAKAXAY — \KAXX 
reaove | XXXXXXXXHXXD | NXXN | 30 RL KH NKXAXAD ly XK 


VALID 1 ( VALID2 ) 2 


Locke [" XXXXXK_ vations) 
sill Ei ne a 


IDLE STATES ARE SHOWN HERE FOR DIAGRAM VARIETY ONLY. 
WRITE CYCLES ARE NOT ALWAYS FOLLOWED BY AN IDLE STATE. 
AN ACTIVE BUS CYCLE CAN IMMEDIATELY FOLLOW THE WRITE CYCLE. 


Figure 4-8. Various Bus Cycles and Idle States with 
Non-Pipeline Address 
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IDLE CYCLE 1 CYCLE 2 CYCLE 3 CYCLE 4 IDLE 
NON-PIPELINED NON-PIPELINED | NON-PIPELINED] NON-PIPELINED 
__(WRITE) (READ) WRITE) (READ) 


T2P “HP) Tap T2P | T1iPy T2 T1 


cuxe [7 en 
(82384 CLK) mo cole 
Aa-ast. | XXXX vA a 2 (_vatio4 XXX le XX 
WiR# [ bony — ATT A Aa 
i+ 
ADS# Lf i= (h 
i L XY Ei. XX XY (KER hed x) dy AK XK 


TO ALLOW TO coe TO at 
Ne RECOGNIZING RECOGNIZING 
NA# NA# 


weld ROOD OPOROOY REY WEE 
neavve [  XKYXYXXX mM, | OOTY. | OND. o_o 


wow [ XRXKEW WAT valiba YX vaubs ibe 


Figure 4-9. Mixed Pipelined/Non-Pipelined Signals 


PIPELINED REGION IN LOWEST 128K 


PLUS153—(0) 


16 (HIGH) 


17 (HIGH) AD 
NA# = /AD31-/AD30/AD29... /AD17-M-ADS# ; 





Figure 4-10. Pipelined Region NA# Generator 
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File Name : NA_386 
Date : 5/16/1988 
Time : 16:37:58 


HHHRRRRRRE THERE EEE HF PTI LIST HHFREERERRR ERR T EE EEE 


LABEL ** FNC ** FNC ** LABEL 
AD31 ** we 1] ** vec 
AD30 ak ee Q-{ ak AD22 
AD29 we ee 3-] ** AD21 
AD28 ** ee 4-| ** AD20 
AD27 ** ee 5H] x AD19 
AD26 ee xe G-] ** AD18 
AD25 ** ** AD17 
AD24 a a M 
AD23 * *e /ADS 
GND ** *e /NA 


+ 
Oo 
< 


kk 7-| 
we 
aK 


wk 


On HHH RHR 
MHA HHH RAR a 


Figure 4-11. Pinlist NA_386 


File Name : NA_386 

Date : 5/16/88 

Time : 16:38:8 

@DEVICE TYPE 
PLUS153 

@DRAWING 

@REVISION 

@DATE 

@SYMBOL 

@COMPANY 


@NAME 
/NA386 


@DESCRIPTION 

THIS DESIGN DRIVES THE NA# SIGNAL LOW WHEN ASSERTED ON AN 
80386 PROCESSOR FOR A MEMORY REGION SPANNING THAT DECODED 
BY THE EQUATION CONTAINED HEREIN. 


@COMMON PRODUCT TERM 
@I/O DIRECTION 
@LOGIC EQUATION 


/NA=/ (/AD31*/AD30*/AD29* /AD28*/AD27*/AD26*/AD25*/AD24*/AD23 
* /AD22*/AD21*/AD20*/AD19*/AD18*/AD17*/ADS*M) ; 





Figure 4-12. NA_386 .BEE File 
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68030 Address Decoding — 
PLUS173D 

Although designers generally try to optimize 
every nanosecond of microprocessor 
performance, itis typically not necessary for 
the CPU to always operate at full speed. 
Operating the CPU, when acceptable, at a 
slower speed can bring about a more 
economical and compact system. This is due 
to higher costs associated with fast memory 
and greater board area usage of very wide 
memory configurations. 


Some software routines in which slower 
performance may be acceptable are during 
power up initialization, diagnostic routines, or 
possibly some exception processing routines. 
Where speed is not critical, an 8-bit bus is the 
most economical and compact because of 
readily available byte wide memory 
components and buffers. The 68030 is easily 
interfaced to 8, 16, or 32-bit ports because it 
dynamically interprets the port size of the 
addressed device during each bus cycle. 
Figure 4-13 shows an example of interfacing 


D31-D24 


20 MHz 
Clock Generation 


both a relatively slow 200ns 8-bit EPROM 
and fast 35ns 32-bit RAM to a 68030. A 
PLUS173D was chosen for its high speed 
and large number of inputs and outputs. 
Figure 4-14 shows the AMAZE pinlist and 
Boolean equations for the device. The 
EPROM occupies memory space 0-32K while 
the RAM occupies addresses 64K-128K. 
However, please note that because not all of 
the upper memory address bits were 
decoded, the memory arrays will also appear 
at other addresses. 


270256 


32Kx8 
EPROM 


EPROM SEL 





Figure 4-13. Example Interfacing Mixed Memory Types 
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HHFTERRREREE RHEE EERE LE ST HHHFEREEREE TERRE EER EE 


LABEL** ENC ** ** FNC ** — LABEL 
DLYIN** TI ak *e +5V 0 &® vec 
/AS ** ak xx /O ** /RMS 
A31l ** xk ** O a DSTRT 
A30 ** a* x* /O xk /uucs 
AlQ ** ak xx JO xk /UMCS 
Al8 ** kk ** /0 ** /LMCS 
Al7 ** x xx /O ** /LLCS 
Al6 ** xk xk JO ax /EPCS 
Al ** aod xx /O ** /ACK1 
AO ** ke x* JO ** /ACKO 
SIzO** ak ee T ** RW 
GND ** ** ke T kk SI21 


OH HAHAH HHA aR 


@DEVICE TYPE 
PLUS173 
@LOGIC EQUATION 
“EPROM enable” 
Jepes = /(/a31*/a30*/al9*/al8*/al7*/al6*as) ; 
“start shift register during EPROM access” 
dstrt = /a31*/a30*/al19*/al8*/al7*/al6*as; 
“DSACKO after 4 clock cycles for EPROM.access” 
fackO = /(dlyin); 
“immediate STERM upon RAM access” 
fackl = /(/a31*/a30*/a1l9*/al8*/al7*al6); 
“Byte select signals for RAM writes” 
/uucs = /(a0*/al* /rw*al6*/al7*/al8*/al9*/A30*/a31); 
fumes /( a0*/al* /cw*al6*/al7*/al8*/al9*/A30*/a31 
+/al*/sizo* /cw*al6*/al7*/al8*/al9*/A30*/a31 
+/al*/siz1* /cw*al6*/al7*/al8*/al9*/A30*/a31; 
/1mes /( a0*/al* /rw*al6*/al7*/al8*/al9*/A30*/a31 
+/al*/siz0*/siz1*/rw*al6*/al7*/al8*/al9*/A30*/a31 
+/al* sizO* siz1*/rw*al6*/al7*/al8*/al9*/A30*/a31 
+/al*a0*/siz0* /rw*al6*/al7*/al8*/al9*/A30*/a31); 
/( aQ* al* /rw*al6*/al7*/al8*/al9*/A30*/a31 
+/a0* sizO* sizl*/rw*al6*/al7*/al8*/al9*/A30*/a31 
+ /sizO*/siz1*/rw*al6*/al7*/al8*/al9*/A30*/a31 
+ al* sizl*/rw*al6*/al7*/al8*/al9*/A30*/a31); 
/{ rw*a16*/al7*/al8*/al9*/A30*/a31) ; 


Figure 4-14. AMAZE Pinlist and Boolean Equations 
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The 29000, SRAM and the SPARC, a simple brute force SRAM will yield © Making some assumptions about SRAM input 
PLUS20L8D no “wait states” by correctly combining, for capacitance, p.c. board trace capacitance, 
instance, a 25ns access time with the etc., will assure the reader that the 


The 29000 processor can, in theory, access 


instruction memory every 40 nanoseconds instruction cycle. One additional, and very PLUS20L8D will not waste valuable time 
(Figure 4-15) at top speed. The natural important requirement will be a current drive needed to achieve the maximum possible 
tendency is to place this part into the highest of 24mA. The PLUS20L8D PAL (Figure 4-16) performance. The following outlines 
performance environment possible. This is can decode up to 20 inputs in 10 ; verification that the PLUS20L8D will meet 
still a very difficult problem. Similar to the nanoseconds with 24mA of output drive. timing requirements. 


System clock 


29000 address valid Address bus freed for data accesses 


Instruction request TREQ 


Instruction burst 
request IBREQ 


Instruction data valid 


| Cycle 1 | Cycle 2 | Cyde 3 | Cycle 4 | Cycle 5 | Cycle 6 | Burst mode suspended 


Figure 4-15. 29000 Burst Mode Instruction Timing 
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Figure 4-16. Signetics 20L8D 
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SIGNETIC. 
20L8D 


Figure 4-17. High Speed Burst Mode Configuration 


Consider, for example, the configuration 
depicted in Figure 4-17 with Motorola MCM 
6288 SRAMs. As depicted, there are eight 
modules forming a 16K word space. The 
29000 is targeted to drive 80pf according to 
the data manual at full speed (25MHz clock). 
How much additional time delay will be 
attributed to the bus and RAM loading? 

For the chosen RAM configuration Ci, = 8 
(Spf) = 40pf. We will have to assume some 
values for p.c. wiring. One common one 
today is about 20pf/ft. Placing our RAM on 
the same board, near the processor should 
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require about a foot of trace/address line. The 
average C, = (40 + 20) pf. This is just beyond 
the 10ns specified for testing the 20L8 (i.e., 
50pf), however, if we ignore it, the extra 
loading will not significantly impact this small 
system. 

To include it would incur additional 
assumptions about the pull up and pull down 
resistance of the 20L8 (these values are 
typically between 5 and 20 ohms), but are not 
strictly specified. The result is that we are 
within 2 nanoseconds of time delay by 
ignoring the capacitance. 
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Tdelay (20L8) = 10ns (MAX) 
Tdelay (RAM access) = 25ns (MAX) 
Tdelay (29000) =_5ns (MAX) 
40ns (MAX) 


Adding anything into the data path or a poor 
circuit layout can take the design out of spec., 
but by these assumptions, is can succeed. 
Design slack may be generated simply by 
inserting the 20L8—7 and one gets 2.5ns of 
free time margin. 
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Interrupt Handler — PLS179 

In the 1970's I.C. manufacturers made the 

error of introducing microprocessor chips 

without having family support chips available. 

Often, months or years passed before 

relatively simple family additions arrived. 

Later, a similar situation arose when bus 

standards, LAN standards, and disk 

standards failed to settle down for system 
designers to get sufficient market lead without 

LSI solutions. PLDs could have helped much 

here! As an example of designing a 

microprocessor family part, consider Figure 

4-18, which depicts an interrupt handler. In 

particular, note that interrupt inputs will be 

latched into an 8-bit register. This in turn will 
be encoded to a 3-bit vector which may be 
appropriately enabled and applied to the 
microbus. Figure 4-18 shows the eight 
flip-flops as having J-K and /D inputs which 
will be generated with a PLS179 by switching 
the flip-flop control. Appropriate control 
signals for the various transactions might be 
as follows: 

1. CLOCK — the system synchronous time 
base. 

2. Interrupt Enable — when asserted high 
from the microprocessor, allows interrupts 
to be generated to the microprocessor. 

3. Interrupt —a strobe or level defined to 
indicate a pending interrupt and a valid 
encoded vector. 
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4. Interrupt Acknowledge — a response 
signal from the microprocessor which may 
be used to enable the 3-bit vector onto the 
bus. As well, it may initiate clearing the 
currently asserted interrupt latch. 


5. /INTO-/INT7 — eight possible interrupt 
request signals which must be asserted 
low and held there until service for that 
device has occurred. 


6. Reset-— this is a system override signal 
which will clear all flip-flops during initial 
operation. 


Basic Operation 

Initially, the part should be reset by asserting 
the RESET pin high, asynchronously. Then, 
when interrupts are enabled, the /D-inputs to 
the 8 flip-flops will be synchronously scanning 
for interrupt inputs (asserted low). This will 
put a nonzero value into the eight bit register 
which will generate an interrupt output, 
combinationally through the Complement 
array. In parallel, a 3-bit encoded vector will 
be applied on the VECO, VEC1, VEC2 lines. 
Asserted high logic will be assumed for the 
vector. Presumably, a microprocessor will 
interrupt this, transfer control to a service 
routine and clear the interrupt. The clear will 
be accomplished by disabling interrupts and 
strobing the vector value back into the 
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PLS179, using the IACK signal. Disabling the 
interrupts will put the registers into J-K mode. 
J is tied to zero and K is decoded from the 
specifically strobed vector. Therefore, 
synchronous clear of the high priority bit is 
done. Interrupts are then re-enabled and the 
process continues. 


The PLS179 solution offers room for user 
alteration. For example, the IACK condition 
could be redefined as a combination of the 
280 JOREQ and Mt signals, or any specific 
splitting of internal signals could be easily 
done. The design could fit into a PLS159A, 
but there would be less room for variation for . 
specific users exact needs. Figure 4-20 
shows the pinlist for the handler. Figure 4-21 
gives the corresponding design file. A 
simulation Ruler template is given in Figure 
4-22, and Figure 4-23 shows a simulation log 
file for some example interrupt transactions. 
In Figure 4-23, the simulation begins by 
asserting RESET followed by successive 
assertion of each interrupt bit to demonstrate 
the vector encoding. The second half begins 
with all eight interrupts asserted 
simultaneously and each is cleared 
successively in descending priority. /INTO is 
the highest priority. The interrupt is actually 
asserted through the PLS179 Complement 
array behaving as a simple NOR gate. 
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RESET 


INTENA [make D FFS} 
ANTENA [make J-K FFS] 


ANTO 
KLEARO 


Figure 4-19. Encoder Logic Diagram 





ANT7 


KLEAR7 


LA = LB = INTENA.ANT 


Figure 4-18. Interrupt Handler 
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@DEVICE TYPE 
PLS179 
@DRAWING 
@REVISION 
@DATE 
@SYMBOL 
@COMPANY 

JOE USER 
@NAME 
GENERIC INTERRUPT VECTOR GENERATOR 
@DESCRIPTION 
@PINLIST 


<--REFERENCE-~>” 
“PINLABEL PIN # PIN FCT PIN_ID OE_CTRL” 
CLOCK 1 CK CLK 
ENA I0 
RESET Il 
IACK I2 
N/C 13 
n/c 14 
N/C I5 
N/C 16 
N/C I? 
INTERUPT BO 
VECO Bl 
GND GND 
OTE /OE 
VEC1 B B2 
/INTO /B FO 
/INT1 /B Fil 
/INT2 /B F2 
/INT3 /B F3 
/INTA /B F4 
/INTS /B F5 
/INT6 /B F6 
/INT? /B FT 
VEC2 B3 
vec +5V 


WWH HWW Raa 


o 
< 


Figure 4-20. Interrupt Pin List 
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@COMMON PRODUCT TERM 

CPT1l= /INTO*/INT1*/INT2*INT3 ; 

CPT2= /INTO*/INT1*/INT2*/INT3*/INT4*INTS ; 
CPT3= /INTO*/INT1*/INT2*/INT3*/INT4*/INTS*INTG 3; 
CPT4= /INTO*/INT1*/INT2*/INT3*/INT4*/INTS*/INTG6*INT7 ; 
KLEARO =/VEC*/VEC1*/VECO*IACK; “DECODE VECTOR 0” 
KLEAR1 =/VEC2*/VEC1*VECO*IACK; “DECODE VECTOR 1” 
KLEAR2 =/VEC2*VEC1*/VECO*IACK; “DECODE VECTOR 2” 
KLEAR3 =/VEC2*VEC1*VECO*IACK; “DECODE VECTOR 3” 
KLEAR4 =VEC2*/VEC1*/VECO*IACK; “DECODE VECTOR 4” 
KLEARS5S =VEC2*/VECI1*VECO*IACK; “DECODE VECTOR 5” 
KLEAR6 =VEC2*VEC1*/VECO*IACK; “DECODE VECTOR 6” 
KLEAR7 =VEC2*VECI*VECO*IACK ; “DECODE VECTOR 7” 
@COMPLEMENT ARRAY ; 
/C = /(INTO + INT1 + INT2 + INT3 + INT4 + INTS + INT6 + INT7); 
@I/O DIRECTION 

D3 ENA; 

D2 = ENA; 

D1 = ENA; 

DO ENA; 

@FLIP FLOP CONTROL 

FC = /ENA; 

@OUTPUT ENABLE 

EA=OTE; 

EB=OTE; 

@REGISTER LOAD 

LA=ENA; 

LB=ENA; 

@ASYNCHRONOUS PRESET/RESET 

RA RESET; 

RB RESET; 

PA 0; 

PB 0; 

@FLIP FLOP MODE 

MO,M1,M2,M3,M4,M5,M6,M7 = 1; 

@LOGIC EQUATION 

VECO = (/INTO*INT1 + CPT1 + CPT2 + CPT4); 

VEC1 (/INTO*/INT1*INT2 + CPT1 + CPT3 +CPT4); 
VEC2 = (/INTO * /INT1 * /INT2 */INT3*INT4 + CPT2 + CPT3 + CPT4); 
INTERRUPT = (/C); 

INTO: 0; 

=KLEARO; 


@INPUTS 
13 /OTE 
3 RESET 
2 INTENABLE 


22 /INT7 
21 /INT6 
20 /INTS 
19 /INT4 
18 /INT3 
17 /INT2 
16 /INT1 
15 /INTO 


4 IACK 


23 VEC2 
14 VEC1 
11 VECO 


@OUTPUTS 

10 INTERRUPT 
23 VEC2 

14 VEC1 

11 VECO 


22 /INT7 
21 /INT6 
20 /INTS 
19 /INT4 
18 /INT3 
17 /INT2 
16 /INT1 
15 /INTO 


Figure 4-22. Interrupt Ruler File 





INTL: 


Ui 


INT2; 


INT3: 


i] 


INT4: 


i] 


INTS: 


Ul 


INT6: 


INT?: 


Re ta re an tc concg ea looms tires 


Figure 4-21. Interrupt Design File 
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PLS179 INTERRUP Time = 14:53:31 Date = 8/5/1987 


a 


INP. I/O <=PREV=> <=NEXT=> <=FOUT=> TRACE TERMS 


t 


76543210 76543210 76543210 76543210 


a 
tm 


11111111 LLLLLLLL LLLLLLLL NNNNNNNN 
11111010 es LLLLLLLL LLLLLLLL HHHHHHHH 
11111001 LLLLLLLL HLLLLLLL 
11111001 HLLLLLLL LHLLLLLL 
11111001 LHLLLLLL LLHLLLLL 
11111001 LLHLLLLL LLLHLLLL 
11111001 LLLHLLLL LLLLHLLL 
11111001 LLLLHLLL LLLLLHLL 
11111001 LLLLLHLL LLLLLLHL 
11111001 LLLLLLHL LLLLLLLH 
11111001 LLLLLLLH HHHHHHHH 
11111100 HHHHHHHH HHHHHHHL LLLLLLLH 
11111100 HHHHHHHL HHHHHHLL LLLLLLHH 
11111100 HHHHHHLL HHHHHLLL LLLLLHHH 
11111100 HHHHHLLL HHHHLLLL LLLLHHHH 
11111100 HHHHLLLL HHHLLLLL LLLHHHHH 
11111100 HHHLLLLL HHLLLLLL LLHHHHHH 
11111100 HHLLLLLL HLLLLLLL LHHHHHHH 
11111100 HLLLLLLL LLLLLLLL HHHHHHHH 


Ne Se Ne 


Se Se Me Ne Ne Se Ne Ne Ne 


a Ns Me Ne Ne te 


Cc 
Cc 
Cc 
c 
Cc 
Cc 
Cc 
Cc 
c 
c 
c 
c 
Cc 
Cc 
Cc 
Cc 
c 
c 
c 


PODOADDODOOKPHB EP BPH PHEPH OO 


I/O CONTROL LINES 
DESIGNATED I/O USAGE 
ACTUAL I/O USAGE 


PINLIST... 

01 13 09 08 O07 06 05 04 03 02 23 14 11 10 

00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 
22 21 20 19 18 17 16 15 ; 


Figure 4-23. Interrupt Simulation Log File 
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SCSI TARGET INTERFACE — 
PLUS105 AND PLUS153B 


Overview 

This application provides a complete solution 
to the SCSI Target Interface. As well, it 
includes a detailed rendering of the PLUS105 
controlling transaction with a complete state 
equation solution. 


introduction 

From its first introduction, the SCSI Bus 
(known as SAS in its initial days), has gained 
wide acceptance as a small computer 
peripheral bus. As the performance 
capabilities of mass storage peripheral 
devices increased, other bus specifications 
came into being to handle the increased 
performance requirements. Interfaces such 
as the High Speed SCSI, ESDI, and 
proposed byte/word wide bus for high 
performance mass storage devices (to 
replace the de facto standard SMD Interface) 
are gaining acceptance. Though different 
from each other, they present the system 
designer with surprisingly similar handshake 
requirements for the transfer of command, 
Status, data and other information among 
hosts and/or targets connected to the bus. 


ADDRESS 


In recent years several IC manufacturers 
have introduced single-chip controllers for the 
SCSI Bus, but none yet for the new proposed 
buses. The purpose of this application note is 
to use the SCSI Bus, known to most 
designers, as the vehicle to demonstrate the 
ease with which such buses can be handled 
by high performance, low cost programmable 
sequencers. The design described is based 
on the PLUS105 (or the higher performance 
PLUS405). 


High performance programmable sequencers 
using the architecture exemplified in the 
PLUS105 have been available since 
Signetics invented and introduced the 
PLS105 in 1980. 


Functional Description 

The SCSI Interface described in this 
document is a Full Target Implementation that 
includes the following features: 


—- Arbitration Capability 
— Reselect Capability 
~ Software Programmable Target 1.D. 
— Full DMA Interface 
— Interrupt Generator 
The Reselect and Arbitration capabilities 
enable the implementation of an efficient, 








REGISTER 
STATUS 





intelligent target controller. Once a command 
is received, the target can disconnect from 
the SCS! Bus, execute the command and 
reconnect to the SCSI when data or status 
needs to be transferred to the requester. This 
reduces the amount of idle time on the bus; it 
also enables the target to receive multiple 
commands and execute them in the most 
efficient manner. 


The software programmable Target I.D. 
allows the same design to be used for 
multiple targets sharing the same SCSI Bus. 
The DMA Interface is based ona 
straight-forward DMA Request/DMA 
Acknowledge Handshake protocol, enables 
fast data transfers without undue burden on 
the local intelligence. 


An open collector, active low interrupt is 
provided to request service by the local 
intelligence at the completion of transfers or 
in the event of errors. 


Programmer’s Interface 

The SCSI Port is operated through the use of 
five independently addressed registers: 
STATUS, COMMAND, TARGET ID, DATA IN, 
DATA OUT. 


ACCESS MODE 









Read only 
Write only 







Base +0 COMMAND 


Base + 1 TARGET ID - Write only 
Base +2 DATA IN Read only 
Base + 2 DATA OUT Write only 


The 5 registers are 8 bits wide with bit definitions as described below: 


COMMAND REGISTER 


ee A SE RT 





IRQE - SET to enable the generation of interrupts from the Port. 

PORTE ~- SET to enable operation of the SCSI Port. Negation of this signal is required to clear the interrupt generated 
at the completion of every command. 

DMAE - SET toenable the DMA Interface of the SCSI Port. 

CTLE — Defines the direction of transfers on the SCSI Bus 
0 : From SCSI to TARGET 
1: From TARGET to SCSI 

MESG — SET for MESSAGE Transfers on the SCSI Bus 
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CTRL — Defines the type of transfer on the SCS! Bus 
0: DATA Transfer 
1: COMMAND or STATUS Transfer 


SFC — Two bit Function Code: 
00 — Disconnect 
01 — Transfer 
10 -— Reselect 
11  — Arbitrate 
STATUS REGISTER 











CMPL PARE SRST ATTN SLCT BUSY ARBT 


a 





CMPL — Function Completed. This signa! gated with BIT 7 (IRQE) of the Command Register generates an Interrupt to 
the local intelligence. 

PARE - Parity Error. The source of the error can be determined from the state of BIT 4 (CTLS) in the COMMAND 
Register: 


CTLS=0 — Error on SCS! Bus 
CTLS=1 — Error in local memory 


SRST — Status of RESET signal on SCSI Bus 

ATTN — Status of ATTENTION signal on SCSI Bus 

SLCT - Status of SELECT signal on SCSI Bus 

BUSY — Status of BUSY signal on SCS/ Bus 

ARBT - ASSERTED to indicated that the controller has won Arbitration and is in control of the SCS! Bus. 

SLCD - eee, If both SLCD and SLCT are ASSERTED, the controller is being selected by another device on 
e us. 


TARGET ID REGISTER 





TID ~ Three bit code that defines the Target I.D. 


Port Operation 

As described in the previous section, the port 
can execute 4 commands: 

Arbitrate, Reselect, Transfer and Disconnect. 


Arbitrate : The port monitors the SCS! Bus for the “bus free” state. When the bus is free, the port starts the Arbitration 
sequence to gain bus mastership. If arbitration is won, the port will generate an interruptwith the appropriate 
status in the STATUS Register. If arbitration is lost, the port returns to the monitoring of the SCSI Bus. 


Reselect : The porttransfers the desired ID Byte from local memory (through DMA) to the SCSI Bus and waits for the 
appropriate response from the desired controller. When the desired controllerresponds, the Port generates 
an interrupt with the appropriate status in the STATUS Register. 


Transfer : The port transfers data between local memory and the selected controller on the SCS! Bus until the DMA 
Termination Signal (DMACNTO) is asserted. At completion, the port generates an interrupt with the proper 
status in the STATUS Register. 


Disconnect : The port relinquishes Bus mastership. This results in the “bus free” state allowing other controllers to use 


the SCSI Bus. This is also the IDLE state for the Port. The port should be programmed for this state when 
there is no SCSI work in progress. 


November 1990 537 


Philips Components—Signetics Programmable Logic Devices 


Programmable logic design and application notes 





Arbitration Software Sequence 
PROC (arbitrate) 


negate DMAE, PORTE 
set SFC to ARBITRATE; assert PORTE 
wait for completion 
negate PORTE 
IF port won arbitration 
THEN exit with normal status 
ELSE DO 
IF SRST 
THEN exit with RESET status 
ELSE DO 
- set-up single byte DMA transfer 
negate CTLS; assert DMAE, PORTE 
wait for completion 
" negate DMAE, PORTE 
exit with Port Selected status 
END 
END 
END 














RESELECT Software Sequence 
PROC (reselect) 


negate DMAE, PORTE 
place reselect ID byte in local memory 
set-up single byte DMA transfer 
set SFC to RESELECT; assert DMAE, PORTE 
wait for completion 
negate DMAE, PORTE 
IF good completion 
THEN exit with normal status 
ELSE IF SRST 
THEN exit with reset status 
ELSE exit with error status 








END 


TRANSFER Software Sequence 
PROC (transfer) 


negate DMAE, PORTE 
set-up DMA controller 
set SFC to TRANSFER; set-up CTRL, CTLS, MESG; assert DMAE, PORTE 
wait for completion 
negate DMAE, PORTE 
IF good completion 
THEN exit with normal status 
ELSE IF SRST 
THEN exit with reset status 
ELSE exit with error status 








DISCONNECT Software Sequence 
PROC (disconnect) 


negate DMAE, PORTE 
set SFC to DISCONNECT; assert PORTE 
wait for completion 
negate PORTE 
exit with normal status 
END 
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Hardware Description 

The SCSI Interface described in this 
documentis implemented using three 
Programmable Logic Devices and a hand-full 
of FAST SSl/Octals. Referring to the 
schematic in Figure 4-30 (page 550), the 
functions of the different components are as 
follows: 


U6 - (74F244) Port STATUS Register 
U7 -—  (74F273) Port COMMAND Register 
U1 - (74F374) DATA OUT Register 

U2 -— (74F374) DATA IN Register 


U8 — (74F273) : SCSI Bus signals Synchronization 
: Partial Status Latch 


U4 ~— (74145) Asserts proper signal on SCSI bus during Arbitration. 


US — (PLUS153B): Register Decode 
: 3-bit TARGET ID Register. 


U3 -— (PLUS153B) :Parity Generator/Checker 
‘Arbitration Win Detection 
:Port Selected Detection 


U9 -— (PLUS105) : Executes all commands 
: Controls handshake with DMA controller 
: Controls REQ/ACK Handshake with SCSI Bus 
: Detects “bus free” state 
: Implements “arbitration delay” 


74F38's — High Current, Open Collector Drivers for SCSI Bus 
74F 14's — Schmitt Trigger Input Receivers for SCS! Bus 
NOTES: 


1. The interface requires an 8MHz Clock. The throughput of the interface can be increased by operating this circuit at 24MHz by using the 
PLUS405. 

2. The interface is initialized by an active low signal: /SYSRESET 

3. The DMA Interface consists of four signals: 


DMAENBL - Software controlled DMA Enable 
DMAREQ) - asserted by the port (PLS105A) for each byte transfer 
/DMACYCLE — asserted by DMA controller as a response to DMAREQ 
/DMACNTO - asserted when the DMA transfer count reaches 0 
4. The processor (local intelligence) interface consists of 5 signals 
A1, AO - The two least significant address bits 
‘SYSSEL  - A block decode signal for the SCSI Port 
ISYSREAD - Active low, READ signal 
0- READ 
1- WRITE 
ANTERRUPT— Active low, Open collector Interrupt 
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@DEVICE TYPE 
PLUS105 


@DRAWING DNW-SIG-105 
@REVISION A 

@DATE 11-29-87 

@SYMBOL u3 

@COMPANY SIGNETICS 

@NAME DIMITRIOUS DOUROS 
@DESCRIPTION SCSI CONTROLLER 


@PINLIST 


<~-REFERENCE-->” 
“PINLABEL PIN # PIN_FCT  PIN_ID OE CTRL” 
8MHZ CK CLK 
/DMACNTO 17 
PORTENB I6 
SELECTED I5 
WONARB 14 
BBUSY 13 
BSELECT 12 
BACK Il 
BRESET 10 
CBUSY F7 
CSELECT F6 
REQUEST FS 
/ARBITRATE F4 
GND GND 
SFCMPL F3 
SPARERR F2 
SDRVENB Fl 
DMAREQ FO 
LOW PR/OE 
ICBUSY 115 
ICSELECT 114 
IREQUEST 113 
PARERROR 112 
CTLSCSI 111 
SFCl1 110 
SFCO 19 
/DMACYCLE I8 
vcc +5V vec 


HHHHHHHHNOTCKODODOCOCOH HHHHHHH 


See ee TT Th Th ee) 


Figure 4-24. PLUS105 SCSI_CTL Pinlist 
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@INTERNAL SR FLIP FLOP LABELS 
Q0 Q1 Q2 Q3 Q4 Q5 


@COMMON PRODUCT TERM 
@COMPLEMENT ARRAY 
@LOGIC EQUATION 
@DEVICE SELECTION 
SCSI_CTL/PLS105 
@INPUT VECTORS 
[PORTENB, SFC1, SFCO] 
“COMMAND CODE DEFINITIONS” 
DISCONNECT 100B; 
DATA_XFER 101B; 
RESELECT 1103; 
ARB_COMMAND = 1113; 


@OUTPUT VECTORS 


{(CBUSY, CSELECT, REQUEST, /ARBITRATE, SFCMPL, SPARERR, 
SDRVENB, DMAREQ] 


“DISCONNECT STATE OUTPUTS” 
DISCNCT_OUT’ 00011000B; 
“POWER-UP STATE OUTPUTS” 


POWER_UP_OUT’ = 00010000B; 
@STATE VECTORS 
{05,04,Q3,02,Q1,Q0] 


“INITIALIZATION, IDLE, AND DON’T CARE STATES” 


POWER UP 
IDLE= 1FH; 
ANY_STATE 


“PORT SELECTED RESPONSE STATES” 


SELECTED_1 = 3CH; 
SELECTED 2 = 18H; 
SELECTED_3 19H; 
SELECTED 4 = 1AH; 


“RESELECT STATE SEQUENCE” 


RESELECT 1 = 10H; 
RESELECT_2 = 11H; 
RESELECT_3 12H; 
RESELECT_4 = 13H; 
RESELECT 5 = 3BH; 
RESELECT_6 33H; 


Figure 4-25.1 PLUS105 SCSI_CTL .SEE File (continued) 
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“ARBITRATION STATE SEQUENCE” 


ARBITRATE 1 = 00H; 
ARBITRATE 2 = OFH; 
ARB DELAY GO = 20H; 
ARB_DELAY_IP = 10---~B; 
ARB_DELAY_QU = 2EH; 


“DATA TRANSFER SEQUENCE” 


DATA_XFER_1 14H; 
DATA_XFER_2 15H; 
DATA_XFER_3 = 16H; 
DATA_XFER_4 17H; 
DATA_XFER_5 = 34H; 
DATA_XFER_SL = 1AH; 


“EVENT COMPLETION SEQUENCE” 


COMPLETE _1 1CH; 
COMPLETE 2 = 1EH; 


@TRANSITIONS 


[POWER_UP]} 
{] 
THEN [IDLE] WITH [POWER_UP_OUT’] 


(ANY_STATE} 
[BRESET]} 
THEN [COMPLETE _1] WITH [DISCNCT_OUT’] 


[/BRESET*DISCONNECT*ICBUSY] 
THEN [COMPLETE _1] WITH [DISCNCT_OUT’] 





Figure 4-25.2 PLUS105 SCSI_CTL .SEE File (continued) 
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WHILE [IDLE] 
IF [/BRESET* /BSELECT*/BBUSY*RESELECT* ICBUSY*ICSELECT] 
THEN [RESELECT_1] WITH [CBUSY’,CSELECT’ , SDRVENB’ , DMAREQ’ } 


[RESELECT_1] 
[/BRESET*DMACYCLE] 
THEN [RESELECT 2] WITH [/DMAREQ’] 


[RESELECT 2] 
{/BRESET] 
THEN [RESELECT 3] 


[RESELECT_3] 
[/BRESET] 
THEN [RESELECT_4] 


{RESELECT 4] 
[/BRESET*ICBUSY] 
THEN {RESELECT 5] 


[RESELECT_5] 

{/BRESET*ICBUSY] 

THEN [RESELECT 5] WITH [/CBUSY’ } 
[/BRESET*/ICBUSY] 

THEN [RESELECT 6] 


[RESELECT_6] 
[/BRESET* / ICBUSY*BBUSY } 
THEN [COMPLETE 1] WITH [CBUSY’,/CSELECT’ ,SFCMPL’ ] 


WHILE {IDLE} 
IF (/BRESET*PROTENB* / ICBUSY* / ICSELECT * /BBUSY *BSELECT * SELECTED * /PARERROR] 
THEN [SELECTED 1] WITH [SFCMPL’ , DMAREQ’ } 


[SELECTED_1] 
[/BRESET* /PORTENB*DMACYCLE] 
THEN [SELECTED 2] WITH [CBUSY’,/SFCMPL’,SDRVENB’ , /DMAREQ’ ] 


[SELECTED_2] 
[/BRESET] 
THEN [SELECTED_3] 


[SELECTED_3] 
[/BRESET] 
THEN [SELECTED _4] WITH [SFCMPL’] 


(SELECTED _4] 


[/BRESET*PORTENB] 
THEN [COMPLETE 1] 


Figure 4-25.3 PLUS105 SCSI_CTL .SEE File (continued) 
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WHILE [IDLE] 
IF [/BRESET*ARB_ COMMAND*/ICBUSY*/BBUSY* /BSELECT ] 


THEN {ARBITRATE 1} 


WHILE (ARBITRATE_1] 
IF [/BRESET* (BBUSY+BSELECT) ] 
THEN [IDLE] 
IF [/BRESET* /BBUSY*/BSELECT ] 
THEN [ARB DELAY GO] WITH [CBUSY’, ARBITRATE’ , SDRVENB’ ] 


[ARB_DELAY_ IP] 
[/BRESET*Q0} 

THEN [/Q0] 
[/BRESET*/Q0] 

THEN [00] 

[ /BRESET*Q1*Q0] 

THEN [/Q1] 
{/BRESET*/Q1*Q0] 

THEN [Q1] 

[ /BRESET*Q2*Q1*Q0]} 
THEN [/Q2] 
[BRESET*/Q2*Q1*Q0] 
THEN [02] 

[ /BRESET*/Q3*Q2*Q1*Q0] 
THEN [Q3] 
[/BRESET*ARB_DELAY_QU] 
THEN [ARBITRATE 2] 


WHILE [ARBITRATE_2} 
IF  [/BRESET*/BSELECT*WONARB] 
THEN [COMPLETE_1] WITH [CSELECT’, /ARBITRATE’ ,SFCMPL’ ] 
{/BRESET*BSELECT ] 
THEN [IDLE] WITH [/CBUSY’,/ARBITRATE’ , /SDRVENB’ ] 


[IDLE] 

[/BRESET* ICBUSY*/ICSELECT*DATA_XFER*CTLSCSI} 
THEN [DATA_XFER_1] WITH [REQUEST’ } 
{/BRESET*ICBUSY*/ICSELECT*DATA_XFER*/CTLSCSI] 
THEN (DATA_XFER-1] WITH [(DMAREQ’] 


[DATA_XFER_1] 
{BRESET*PROTENB* IREQUEST *BACK] 
THEN [DATA_XFER_1] WITH [DMAREQ’] 
[ /BRESET*PORTENB* DMACYCLE] 

THEN [DATA_XFER_2] WITH [/DMAREQ’ ] 


[DATA_XFER_2] 
[/BRESET]} 
THEN [DATA_XFER_3] 


[DATA_XFER_3] 
[/BRESET] 
THEN [DATA_XFER_4] 





Figure 4-25.4 PLUS105 SCSI_CTL .SEE File (continued) 
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[DATA_XFER_4] 

[ /BRESET*PORTENB* /PARERROR*DMACNTO*/CTLSCSI] 
THEN [COMPLETE 1] WITH [SFCMPL’ ] 

[ /BRESET *PORTENB* /PARERROR*SMACNTO*CTLSCSTI] 
THEN [DATA_XFER_5] WITH [REQUEST’ ] 

[ /BRESET *PORTENB* /PARERROR*/SMACNTO] 

THEN [DATA_XFER_1] WITH [REQUEST ] 

[ /BRESET* /PORTENB] 

THEN [DATA_XFER_SL] WITH [SFCMPL’] 

[ /BRESET*PORTENB*PARERROR ] 

THEN [COMPLETE 1] WITH [SFCMPL’,SPARERR’ ] 


[DATA_XFER_5] 
[/BRESET* IREQUEST*BACK] 
THEN [COMPLETE 1] WITH [SFCMPL!] 


{COMPLETE _1] 
{ /BRESET*/PORTENB] 
THEN [COMPLETE_2] WITH [/SFCMPL’,/SPARERR’ ] 


[COMPLETE 2] 
[ /BRESET*PORTENB] 
THEN [IDLE] 


[IDLE] 
[/BRESET*/BSELECT* / ICBUSY*/SFC1*/SFCO] 


THEN [IDLE] 


Figure 4-25.5 PLUS105 SCSI_CTL .SEE File (end) 
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@DEVICE TYPE 


PLUS153 


SIGNETICS 
ASP APPLICATIONS GROUP 
CSI TARGET CONTROLLER. ARBITRATION/SELECTION LOGIC 


<--REFERENCE-->” 

“PINLABEL PIN # PIN FCT PIN_ID OE_CTRL” 
SD0O 1 10 
SD1 Tl 
SD2 I2 
SD3 13 
sp4 r4 
SD5 IS 
SD6 Ié 
SD7 I? 
PAR1L BO 
GND GND 
PAR2 Bl 
IDO B2 
ID1 B3 
ID2 B4 
A-WONARB BS 
A-SELECTED B6 
PARERROR B7 
GEN-PAR B8 
REC-PAR B9 
vec vec 


HOODODOOHHHO 2 OHHHHHHHHI 


+ 
oO 
< 





Figure 4-26. PLUS153 SCSI_ARB Pinlist 
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@COMMON PRODUCT TERM 
MAX-ID-MATCH = ID1 * ID1 * ID2 
@I/O DIRECTION 

@LOGIC EQUATION 

A-SELECTED = IDO * /ID1 /ID2 SD1 
+ /IDO * ID1 /ID2 SD2 

+ IDO * ID1 /ID2 SD3 

+ /IDO * /ID1 ID2 SD4 

+ IDO * /ID1 ID2 SD5 

+ /IDO * ID1 ID2 SD6 

+ MAX-ID-MATCH ; 

IDO * /ID1 /ID2 SD1 /SD2 /SD3 x /SD4 * /SD5 * /SD6 * 


/IDO * ID1 /1D2 SD2 /SD3 /SD4 * {SDS * /SD6 * /SD7 
IDO * ID1 /ID2 SD3 /SD4 /SD5 * /SD6 * /SD7 
/IDO * /ID1 ID2 SD4 /SD5 /SD6 /SD7 
IDO * /IDL ID2 SD5 /SD6 /SD7 
/IDO * ID1 ID2 SD6 /SD7 
MAX-ID-MATCH ; 
PARITY GENERATOR ( PAR1 AND PAR2 ARE PARTIAL TERMS ).” 
spo * /SD1 * /SD2 
/SDO spl * /SD2 
/SDO /SD1 SD2 
sDO spl SD2 
SD3 /SD4 /SD5 
/SD3 sp4 /SD5 
/SD3 /SD4 sp5 
SD3 SD4 SD5 
PARI * PAR2 /SD6 
PAR1 */PAR2 SD6 
PAR1 * /PAR2 /SD6 
PAR1 * PAR2 SD6 
/PAR1 */PAR2 /SD6 
/PARlL * PAR2 SD6 
/PARL * PAR2 /SD6 SD7 
/PARL */PAR2 SD6 SD7 ; 
“PARITY ERROR GENERATOR. ERROR FLAGGED IF RECEIVED PARITY IS DIFFERENT 
FROM CALCULATED PARITY.” 
PARERROR = /GEN-PAR * REC-PAR 
+ GEN-PAR * /REC-PAR ; 


a+ e+ +t + + 


+++ il 
* 


/SD7 
/SD7 
SD? 
sD? 
/SD7 
/SD7 


+++4 444+ 1 +44 iii 
% HH HH OH HH 


+ ££ € & HH HE HH 


Figure 4-27. PLUS153 SCSI_ARB .BEE File 
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@DEVICE TYPE 
PLUS153 


@DRAWING 
@REVISION 
@DATE... 
@SYMBOL 
«+-.-SIGNETICS ; 
ASP APPLICATIONS GROUP i 
SCSI TARGET CONTROLLER. REGISTER CONTROL LOGIC 


<--REFERENCE-->” 

“PINLABEL PIN # PIN FCT PIN_ID OE_CTRL” 
/DMACYCLE 1 10 
AO Il 
Al I2 
/SYSREAD 13 
/SYSSEL 14 
DBO IS 
DB1 16 
DB2 17 
SDRVENB BO 
GND GND 
CTLSCSI Bl 
/WRCTRL B2 
/RDSTAT B3 
/RDDATA B4 
IDO BS 
ID1 B6é 
ID2 B7 
BUFENBL B8 
/WRDATA B9 
vec vcc 


T 
I 
I 
I 
I 
I 
I 
I 
I 
ov 
I 


~™N 
oo 


Ne Me Ne Ne Me Se Ne Ne Se Ne Se Ne Ne Ne Se Ne Se te te Ne 


Figure 4-28. PLUS153 SCSI_DCD Pinlist 
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@COMMON PRODUCT TERM 
@I/O DIRECTION 
@LOGIC EQUATION 
BUFENBL = SDRVENB ; 


SCSI CONTROLLER REGISTER MAP 


/DMACYCLE CTLSCSI | /SYSSEL | /SYSREAD FUNCTION 


READ STATUS REG. 

WRITE CONTROL REG. 

DATA BUFFER - READ 
- WRITE 

-- NOT VALID --~- 

SET TARGET ID 

DMA : SCSI -> SYSTEM 

DMA : SYSTEM -> SCSI 


0 0 
0 0 
0 1 
0 1 
1 X 
1 X 
Xx xX 
xX X 


/RDSTAT ( /DMACYCLE * SYSSEL * /AO * /Al * SYSREAD ) 
/WRCTRL ( /DMACYCLE * SYSSEL * /AO * /Al * /SYSREAD ) ; 


/RDDATA ( /DMACYCLE * SYSSEL * AO * /Al * SYSREAD 
+ DMACYCLE * /CTLSCSI ) ; 


/WRDATA { /DMACYCLE * SYSSEL * AO */Al * /SYSREAD 
+ DMACYCLE * CTLSCSI ) ; 


IDO-2 ARE THE TARGET ID CODE. THE ID REGISTER IS IMPLEMENTED 
IN THE PLUS153 BY SUPPLYING A SET TERM ( WITH DBO-2 ) AND A 
HOLD TERM ( WITH IDO-2 ). 

uu 

/DMACYCLE SYSSEL Al /SYSREAD DBO 

/DMACYCLE SYSSEL Al /SYSREAD IDO 

/DMACYCLE | SYSSEL Al /SYSREAD DB1 

/DMACYCLE SYSSEL Al /SYSREAD ; ID1 

/DMACYCLE SYSSEL Al /SYSREAD DB2 

/DMACYCLE SYSSEL Al /SYSREAD ID2 





Figure 4-29. PLUS153 SCSI_DCD .BEE File 
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Figure 4~30. SCSI Target Interface 
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COMMUNICATIONS USING PLDs 
PLD devices are particularly appropriate 
for digital communications. High speed 
sequencers form a natural means of 
handshaking and protocol checking, 
where PLAs and PALs can decode 
parallel header information. But, PLDs 
fill a need for digital 
communications—that of the emerging 
“standard”. Once an initial specification 
for a communication protocol is agreed 
upon, the manufacturers may generate 
product to meet the current 
specification. This will probably not 
embody the final specification, but will 


Programmable logic design 
and application notes 


closely resemble it. Unfortunately, the 
penalty for having to redesign a gate 
array is relatively high should a 
communication protocol be implemented 
in one and require change. A PLD 
solution is an ideal embodiment for a 
product designed to implement an 
emerging standard because it can be 
changed when the “standard” changes. 


This section covers several examples of 
data communication designs from whole 
protocols to simple scramblers—along 
with a customizable speech synthesis 
system using the Philips PCF8200. 


D; = Dj + Dgx-® + DsX—? 
Dj = Dg (1 + X-8 + D X~’ 


Figure 5-1. CCITT V.27 Scrambler 


The CCITT V.27 Scrambler — 
PLC18V8Z 

The Radio Shack publication 
“Understanding Data Communications” 
contains a brief description of the CCITT 
V.27 recommended scrambler for use 
with 4800bps modems. The logic 
diagram for this circuit is a serial 
cascade of D flip-flops with 
Exclusive-OR gates tapped in and out of 
the data stream. This class of machines 
implements transformations based upon 
Galois polynomials which are often 
described by linear sequential machines 
(i.e., D-FFs and EX-OR gates). 
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File Name: CCITT V.27 Scrambler 
Date: 10/31/1988 
Time: 16:17:41 


Q@DEVICE TYPE 
PLC18V82 
@DRAWING 
@REVISION 
@DATE 
@SYMBOL 
@COMPANY 
@NAME 
@DESCRIPTION 
@PINLIST 


<--REFERENCE-->” 
“PINLABEL PIN # PIN FCT  PIN_ID OE_CTRL” 
CLOCK CLK : I0/CLK - 
DIN Il 

N/C 12 

N/C 13 

N/C I4 

N/C I5 

N/c I6 

N/C I7 

N/C. 18 

GND GND 

ENA I9//0E 

X1 BO 

X2 Bl 

B2 

B3 

B4 

BS 

B6 

DOUT B7 

vec +5V vec 


H 


WDOUOUDVUDDOUNOHHHHHHH 


Ne Me Se Ne Ne Ne Se Ne Se Ne Se Se Ne Ne Me Se Ne Me Me Ne 


@COMMON PRODUCT TERM “CPT_LABEL = (expression)” 
@I/O DIRECTION 

D7 =1; 
@LOGIC EQUATION 


DOUT 
X1: 
X2: 
X35 
X4: 
X5: 
X6; 
X75 


X7*/X6*/DIN + /X7*X6*/DIN + X7*X6*DIN + /X7*/X6*DIN ; 
= DOUT ? 
= Xl ; 
= X2 
= X3 
x4 
= X5 
= X6 


9O0U 0000 C it 


Figure 5-2. V.27 Scrambler 
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A Novel Speech Synthesizer — 


PLS159A 

The goal of this design was to build a small 
board capable of transmitting a variety of 
verbal messages in conjunction with the 
Philips PCF8200 speech synthesis part. 
Judicious partitioning resulted ina PLS159A 
acting as a controller, an HC4040 counter 
addressing an EPROM and an EPROM 
which provides binary data to the PCF8200. 


@DEVICE TYPE 
PLS159 
@DRAWING 


PLD CONTROLLER FOR PCF8200 SPEECH SYNTHESIZER 


9/07/88 


PLS159 


The PLS159A transacts with the PCF8200 
(Busy, etc.) and controls pulsing to the 
HC4040. Upon asserting the pushbutton, the 
cycle begins and proceeds to advance the 
HC4040 in increments 3FF (HEX) 
consecutive addresses. Figure 5-6 shows the 
system in full detail. The ultimate signal 
comes from the 8200, and drives an op-amp 
which delivers the final signal to the speaker. 
Various R-C combinations implement filtering 
and a simple pot provides the level control. 


SIGNETICS CORPORATION 


@DESCRIPTION 


Programming the EPROM was accomplished 
by capturing short messages on audio tape, 
downloading to a Philips PCF8200 
development system which analyzes and 
compresses the data for efficient storage. 
The result is an EPROM file which needs 3FF 
HEX addresses to store about 10sec of 
speech. 


Figure 5-9 shows the AMAZE state equation 
entry file for the PLS 159A which handshakes 
with the 8200 and 4040 parts. 


This circuit will perform most functions required to achieve a minimum 
configuration PCF8200 speech synthesizer system. 


REV-A **Original design modified to work in existing ASP demo board. *** 
REV-B **Fixed SEE/BEE file to eliminate random quits during utterances 
1)Gray code for sequencer. 
2)Input latch added on REQ signal from PCF8200 for 
synchronization 


FUNCTIONS PERFORMED: 


1.System Oscillator for sequencer controller 
2.Byte update control via EPROM to PCF8200 


@PINLIST 


> <--REFERENCE-->” 


“PINLABEL PIN # 
6 MHZ IN 1 
REQ 

BUSY 
END_ADRS 
N/C 

R_C 

6 MHZ OUT 
START REQ 
N/C 

GND 

N/C 

svo 

svl 

sv2 

N/C 
REQLATCH 
RESET 
COUNT 
WRITE 

vec 


PIN FCT 


w wR 


HONHHHHAI 


on 
< Ww 
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PIN_ID 


OE_CTRL” 
CK 
10 
Tl 
I2 
13 
BO 
Bl 
B2 
B3 
GND 
/OE 
FO 
Fl 
F2 
F3 
F4 
FS 
F6 
F7 
vec 


Ne 


Ne Ne Se Ne 


Ne 


Na Ne Se Me Ne 


Ne Ne Ne 


Figure 5-3. PLS159A SPEECHB Pinlist 
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@DEVICE SELECTION 
SPEECHB/PLS159 


@COMMON PRODUCT TERM 


@COMPLEMENT ARRAY 
@I/O DIRECTION 

DO = 6 MHZ OUT; 
@FLIP FLOP CONTROL 
FC = 


“REVISION-B” 


@STATE VECTORS 
{Sv2 , svl , SV0] 


@OUTPUT ENABLE 
EA = 0; 
FB = 0; 
@REGISTER LOAD 


so = 000 
$l 011 
$2. = 101 
$3. = 110 
S4 = 100 
$5 010 
sé 111 


@ASYNCHRONOUS PRESET/RESET 
@FLIP FLOP MODE 


@LOGIC EQUATION 

* ** OSCILLATOR SECTION ” 
6 MHZ OUT = RC; 

RC = /(1) ; 

“LATCH FOR SYNCHRONIZATION 
OF PLD AND SPEECH CHIP 
CLOCKS” 

“CAPTURE OF REQ SIGNAL FROM 
PCF8200” 


@INPUT VECTORS 
@OUTPUT VECTORS 
@ TRANSITIONS 


“Initialization at powerup” 


WHILE { SO ] 
IF [ ] THEN [ S1 ] WITH [ /RESET’, WRITE’, COUNT’ ] 
WHILE [ S6 Jj 
IF [ ] THEN [ Sl ] WITH [ /RESET’, WRITE’, COUNT’] 
/REQLATCH : = /REQ; 
= REQ; “Wait for Start switch to be depressed” 
WHILE [ Sl ] 


Figure 5-4, PLS159A SPEECHB IF [/START REQ * /BUSY] THEN [ S2 ] WITH [/WRITE] 


-BEE File 





$2 ] 
IF { ] THEN [ S3 ] WITH [ WRITE’ , COUNT’) 


s3 j 
IF [ ] THEN [ S4 ] WITH [/COUNT’] 


$4 ] 
IF [REQLATCH] THEN [ SS ] WITH [/WRITE’ , COUNT’ } 
IF [END_ADRS + /BUSY]) THEN [{ S6 ] WITH [RESET’ } 


ss j 
IF [/REQLATCH] THEN [{ S3 ] WITH ( WRITE’] 





Figure 5-5. PLS159A SPEECHB .SEE File 
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ay 
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c 
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: 
oe 
°e 
7 
w 
< 
| 
- 
zs 
is] 
a 
a 
o 
4 
a 
- 
o 
3 


1N4148 


+5V 


U4 
74HCT4040 » 


ci 
1UF 


PLS159A 


TDA7050T 


USA 


SP1 
| 


SPEAKER 
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CCITT Forward CRC Polynomial — 


PLUS405 File Name : crc_gen 

This application illustrates the use of Date : 10/30/1987 

Signetics PLUS405 in a high speed data Time : 11:10:56 

communication application. Typically, larger 

polynomial encoders permit error checking HHHSHHRR REESE THEE HH HH Pt LIST HHRHRTR ERE RR HE EE HHS # 
over larger data streams than smaller ones. LABEL ** FNC **  PNC ** LABEL 

This design implements a sixteenth order CLK ** CK kk «445 ke ove? 

polynomial and the figures that follow show N/C oy a kG 


the logic equations to implement it. N/c ee 
D xk 
N/C 


kk 


** N/C 
** ON/C 
** N/C 
** XI12 
** XI11 
xx =XI10 
** X19 
** RESET 
xk X09 
** X010 
** =XO11 
** X0O12 


** 
** 
** 


XI13 
XI14 
XI15 
XI16 
XO016 
X015 
X014 
XO13 
GND 


xk 
** 
** 
** 
oe 
kk 


** 


DPDOOCCOHHHHHHHH 
COO OHHHHHHHAHH 


** 


Figure 5-7. PLUS405 Pinlist 





File Name : cre gen 
Date : 10/30/1987 
Time : 11:11:2 


@DEVICE TYPE 

PLUS405 

@DRAWING 

@REVISION 

@DATE 

@SYMBOL 

@ COMPANY 

@NAME 

@DESCRIPTION 

This design implements the CRC-CCITT forward polynomial with a PLUS405. 
The CRC-CCITT forward polynomial is 


GF(X) = 1 + X*5 + X*12 + X*16 


NOTE: Since this polynomial requires a 16-bit shift register together 
with an array of exclusive-OR’s the contents of the 8 output flip-flops 
must be fed back into the array via the input pins of the PLUS405. 

Bits 1 to 8 are formed with the 8-bit internal register while the 
remaining 8-bits are made out of the 8-bit output register the outputs 
of which are externally fed back to inputs XI9 through XI16. 


@INTERNAL FLIP FLOP LABELS 
X1, X2, X3, X4, X5, X6, X7, X8 


@COMMON PRODUCT TERM 


@COMPLEMENT ARRAY 
@BURIED REGISTER CLOCK 
@INIT/OE 
RESET = RO, Rl, R2, R3, R4, RS, R6, RT, 
R8, R9, R10, R11, R12, R13, R14, R15; 





Figure 5-8. PLUS405 Design File 
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@LOGIC EQUATION 

“ FORK IO KK KK KKK KK KK KR KKK KEK KK KK KE KK KKK KK KK 
* X1 : INPUT = (D XOR XI16) * G * 
* : = (/D * XI16 * G) + ( D * /XI16 * G); ”* 


KKK KK OK IO RR ROKK KIO TOTO IOI IOI IOI IO IO 


X1 (D * /XI16 * G) + (/D * XI16 * G) ; 
= /G + (D * XI16) + (/D * /XI16) ; 


X2 : = Xl 
= /X1 


X2 
= /X2 


= X3 
/X3 


J x4 ; 
K = /X4 2 


OIRO IOI IOI OO III III IO II III IOI kk ir 


* X6 : INPUT = X5 XOR (( D XOR XI16) *G) ; % * 


eK KI IO KIO RO IO IO IO IO 


X6 J (/G * X5) + (/D * X5 * XI16) + (D * X5 * XI16) 
(G * D * /XS5 * /XI16) + (G * /D * /X5 * XI16) ; 
(/G * /X5) + (D * /X5 * XI16) + (/D * /X5 * /XI16) 
(G * D * X5 * /XI16) + (G * /D * X5 * XI16) ; 


= X6 
= /X6 


= X7 
= /X7 


x8 
= /X8 


= X19 
= /XI9 


XI10 
/XI10 


XO1l2:J XI1l1l ; 
K /XI11 ; 
OR Rk Ook kk kok kok kok kkk oko OO kk OO OO kok kok kok kok kk kkk 


* X13 : INPUT = X12 XOR (( D XOR XI16) *G); ” * 


TOI UI OIRO IOI OI III IOI OI I Ir 


xXO13 : J (/G * XI12) + (/D * XI12 * XI16) + (D * XI12 * XI16) + 
(G * D * /XI12 * /XI16) + (G */D * /XI12 * XI16) ; 
(/G * XI12) + (D * /XI12 * XI16) + (/D * /XI12 * /XI16)+ 
(G * D * XT12 * /XI16) + (G * /D XI12 * XI16) ; 





Figure 5-9 PLUS405 Logic Equations 
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INSTRUMENTATION 
Instrumentation typically involves the 
measurement and often the display of 
physical world parameters. Digital 
systems are particularly effective in this 
area and as usual, are largely limited 
only by the designer’s imagination. This 
section describes three distinct 
examples of instrumentation provided 
from customer interaction. 


The last design involves implementing 
the sweep circuitry for an oscilloscope. 
This can be extended and modified for 
similar designs. 


7 SEGMENT 
DISPLAY 
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Another example is a pulse width 
monitor which can be used in controlling 
power pulses, radio strength or 
radar/sonar timing measurements. 


The first example shows several parts 
being used to make a plethysmographic 
monitor (i.e., heart rate). This has 
straightforward medical and health 
applications. The beauty of PLD 
solutions to these problems is simple — 
they are readily modifiable for adaption 
for another end use. The oscilloscope 
circuit could be altered for a laser light 
show. The pulse width monitor could 


Figure 6-1. Heart Beat Monitor System Diagram 
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pick up a timing pulse from a disk and 
the plethysmographic system could be 
configured for animals rather than 
humans. 


Heart Beat Monitor — PLS159A, 
PLS168A and PLS153 

PLDs can be used as powerful building 
blocks in implementing the digital portion 
of a low cost portable heart beat 
monitor. This monitor is capable of 
displaying the heart beat in pulses per 
minute. Figure 6-1 shows the system 
block diagram. The digital portion is 
inside the dashed lines. 
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Operation 

A transducer generates the heart beat pulses 
which are amplified and filtered. A level 
detector (one-shot) converts the amplified 
signals to TTL level signals. A 15 second 
timer is used to count the number of pulses in 
fifteen seconds. The number is multiplied by 
four to approximate the number of pulses in 
sixty seconds. A binary to BCD converter is 
used to display the result. A start switch 
resets the system and initiates the count. 


Transducer 

There are several techniques to monitor the 
blood flow in the peripheral system. These 
techniques include optical plethysmography, 


Figure 6-2. Tektronix Plethysmograph as Transducer 
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HEART_BT_IN 


ultrasonic flow measurement, piezoelectric 
pickup of peripheral arterial pulse, Korotkoff 
sounds, and recording the ECG. 


Light plethysmography is used as the 
transducer in this design. The Tektronix light 
plethysmograph (Figure 6-2), operates by 
measuring the reflectance of skin to red light. 
As blood flows into the skin’s capillary bed 
with each heart beat, the reflectance changes 
and this change is amplified and observed. 


Amplifier/Filter 

Signetics SA741 OP-amp is used as 
bandpass filter with a gain of 20, anda 
frequency response of 1-200 Hz. Figure 6-3 


TO AMPLIFIER’ 
FALTER SECTION 


4K 


559 


shows the circuit diagram of the 
amplifier/filter stage. 


Level Detector PLS153 

The amplified signal is fed through the ‘Level 
Detector’ stage to create a square wave. A 
Schmitt-Trigger is used to generate the 
square wave. Application Note 18 in the 
Signetics PLD Data Manual explains the 
implementation of the Schmitt-Trigger in 
detail. A PLS153 is used to create the 
Schmitt Trigger. The PLS153 also holds the 
glue logic and other functions for the system 
explained further in this article (see 

Figure 6-4). 


Figure 6-3. Amplifier/Filter Stage 


ao HEART_BT_OUT 
<q 


Figure 6-4. SCHMITT-TRIGGER Diagram 
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@DEVICE TYPE 
PLS153 
Q@DRAWING 
@REVISION 
@DATE 
@SYMBOL 
@COMPANY 
@NAME 
@DESCRIPTION 
@PINLIST 


60Hz 
115VAC 


<--REFERENCE-->” 


“PINLABEL 
SET 

RST 
HEART_BT_IN 
15_SEC 

N/C 

N/C 

N/c 

N/C 

N/c 

GND 

RESET 
NTRESET 
NO_HRT_BT 
HEART_BT_OUT 
BT_IN_15_SEC 
N/C 

N/C 

n/c 

N/C 

vec 


PIN # PIN FCT 


DBAINUOPWNHYE 


WWWWODKDDCDOODHHHHHHHH 


a 
uo 
< 


Figure 6-5. HTBT_153 Pinlist 


@COMMON PRODUCT TERM 
@I/O DIRECTION 
@LOGIC EQUATION 
“Level Detector 
HEART_BT_OUT = HEART_BT_IN; 
“Debouncer” 
RESET 


NTRESET = /RESET + /RST; 


/SET + /NTRESET; 


PIN_ID OE CTRL” 


1r0 
I1 
I2 
13 
14 
I5 
I6 
17 
BO 
GND 
Bl 
B2 
B3 
B4 
BS 
B6 
B? 
B8 
B9 
vec 


Ne Ne Ne Se Ne Se Ne Ne Se Ne Ne Se Me Se Se Me Ne Ne Ne te 


(Schmitt Trigger)” 


“15 Second Timer ANDed with the output of. the 


Level Detector” 
BT_IN_15 SEC = 


Figure 6-6. HTBT_153 .BEE File 


Fifteen Second Timer 

To create a fifteen second timer, a counter 
can be constructed with the PLS168A such 
that the number of counts is equivalent to 15 
seconds. To achieve this, the 60Hz signal 
from the power line is passed through a 
transformer and a half-wave rectifier to create 
the clock input to the PLS168A (see 

Figure 6-7). 

The number of counts needed to create the 
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15_SEC * HEART _BT_OUT; 


15 second time interval is calculated in the 
following manner: 


15 seconds = 15 X 60 (cycles/seconds) = 900 


where ‘60’ is the 60Hz clock input to the 
PLS168A. 


Figure 6-8 shows the state transition diagram 
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15 SEC TIMER 
(PLS168A) 
CLOCK INPUT 


START/COUNT_END 


START/COUNT_END 


Figure 6-8. State Transition Diagram 


+5V 


Figure 6-9. Circuit Diagram of Debouncer 





for the counter. Figure 6-10 is the timing 
diagram to generate the number of pulses in 
15 seconds. 

The reset switch is used to initiate the count. 
This switch is debounced using the PLS153 
of Figure 6-4. Figure 6-9 shows the circuit 
diagram of the debouncer. The design 
equations for the debouncer are shown as 
part of the design equation files of Figure 6-6. 
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If n = number of registers with feedback, 
—- een | then an n-bit counter can be created with 
epee {n {Nn in (" any of Signetics sequencers using only n+1 
60Hz yf terms. 


Table 6-1 shows the implementation of the 
7/ 15 second timer in the PLS168A. Input 
START variable I0 is the input from the reset switch 
f ON of 
COUNT_END / 


and ‘15 __SEC’ is the Count_End signal. At 
the 900" count (terms 12 & 13; 
HHHLLLLHLL), output ‘0’ goes to a logic low, 
HEART indicating that the end of the count has been 


ae eee reached, 
eee eq delet 


INPUT TO 
PULSE 
COUNTER 
Po NUMBER OF PULSES 
IN 15 SECONDS 


Figure 6-10. PLS168 Timing Diagram 





Cust/Project ~15 Second Timer with Reset 
Rev/I. D. = 
PLS168A 





OPTION P/E 


. 
. 


SOR eR RS 
mrmmrmomunmrtmmomL 
sons sss 


. 


Ria Mae ee 
Be Bee et be i ee 
mrerrerereerreo 


le (ER Ete Ee Bt ced 
Pirro 


. 


JOGOS SOOO GI IOS IOS ITO IEISI III OIE ISIS GOI IIIS ISIS ISI IOI IIIS I ICE 
43!a! ; ! ! ! rt 
44!a! ! 
4S5!Aa! : ! 
46!Aa! ! : 
47T!A! ! 


' 
! 
! 
! 





Table 6-1. PLS168A Program Table 
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Each line (or term) in Table 6-1 is part of the 
state transition of the 15 second 
counter/timer. Term 11 is used to reset the 
counter when the ‘RESET’ switch goes low. 
With Don't Cares (-) in the ‘Present State’ 
column, any time reset becomes low, the 
counter resets to zero, regardless of the 
counter’s current state. Terms 0-10 create 
the counter. The complement array is used to 
avoid any undefined states and also to force 
the counter to a known state upon power up. 


To count the number of heart beats in 15 
seconds, the end of count output of the 15 
second timer is ANDed with the heart beat 
pulses. The result of this ‘AND’ function is the 
number of pulses in 15 seconds. This ‘AND’ 
function is also implemented in the PLS153 
of Figure 6-4. 


Pulse Counter and Multiply by 
Four 

The resources on a single PLS159A can be 
used to construct the ‘pulse counter’ and 
‘multiply by four’ portion of the heart beat 


monitor. Figure 6-11 shows the block diagram 
of the Counter, Shift-Register, and an internal 
oscillator used as the clock for the 
shift-register. 


To calculate the number of heart beats in one 
minute, the counter first counts the number of 
heart beats in 15 seconds. The counter is 
clocked by the 'NO_HRT_BT signal which is 
the number of heart beats in 15 seconds. 


When the fifteen seconds is over, the binary 
number stored in the counter is multiplied by 
four. The final value of this multiplication is 
the number of heart beats per minute. 


The shift register multiplies the binary output 
of the counter by four by shifting this value 
twice to the left. During the 15 second period 
within which the counter is counting the 
number of heart beats, the shift register is 
disabled. When the 15 second period is over 
the counter is disabled and the shift register 
and the oscillator which clocks the shift 
register are enabled. 


HEART BEAT 
15_SEC 


Figure 6-11. Counter Shift Register — Oscillator 
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The shift register and the counter use the. 
same flip-flops. When the PLS159A is in the 
‘counter’ mode, the flip-flops are ‘J-K’ type. 
When the PLS159A is in the shift register 
mode, the flip-flops are switched to 'D’ type. 


CLOCK: The clock for the PLS159A is 
supplied from two sources. The number of 
heart beats clocks the device when the 
PLS159A is in the counter mode. The 
oscillator takes over when the device is in the 
shift register mode. The combinatorial 
outputs of the PLS159A can be used to 
create the oscillator. Application Note 13 
(AN13) in the Signetics PLD Data Manual 
explains how this oscillator is implemented. 
Figure 6-12 shows the oscillator circuit 
diagram. 


The oscillator output is enabled when the 15 
second time period is over, so when the shift 
is over the outputs reflect the heart beat per 
minute in binary form. The maximum heart 
beat under extenuating circumstances can 
reach 300. Therefore, an 8-bit counter could 
measure a normal person's heart beat. 


OUTPUT 
TO CLOCK 


Figure 6-12. Oscillator Circult 
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Binary Counter (Terms 0-7): Counts the number of Heart Beat Pulses 


Shift Register (Terms 8-14): Shifts the final count by 2 thus 
multiplying the result by four. 

Oscillator (Terms 16,17,D0,D1): Used to clock the PLS159 when in shift reg 
mode ; 
Switches the flip flop mode into ‘D’ 


! E(b)= ! E(a)= !POLARTY! 


1t-!- 
2!-1- 
31-!- 
4t-t- 
51-!- 
61-!- 
T1-!- 
Bl! 
Qt-!- 
10!-!- 
11!-1!- 
12!-!- 
13!-!- 
14!-!- 
15! 


Table 6-2. Binary Counter, Shift Register, and Oscillator 





Table 6-2 illustrates the implementation of the 
binary counter, shift register, and oscillator. 
‘l2’ is the RESET signal input. ‘lO’ is the 

‘15 SEC' signal input used to enable/disable 
the counter, shift register, and oscillator. 'BO' 
is the oscillator output used to clock the 
PLS159A when itis in the shift register mode. 
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Binary to BCD Converter 

82S135 and 82S126 PROMs can be used to 

generate BCD code to drive three 7-segment 

displays. A look-up table is programmed in 

the PROMs to generate the correct BCD 

number. The 7-segment displays have their 

own decoders and display drivers. Figure ! 
6-13 shows the overall system diagram. 


10K = 
15 SECOND 

60Hz TIMER PLS153 LasV RESET | 

L a 


CLOCK UTILITY FUNCTIONS 


RESET 
NO_HRT_BT 


CLK PRESET 


PLS159A - COUNTER SHIFT REGISTER 


ILLATORY g 
8 


8 
444 
4 


Figure 6-13. Overall System Diagram 
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The Pulse Width Monitor — 
PLS168 


Simple in concept, this design was 
implemented at the fuse table level. Its 
elementary operation is that of a 
programmable timer which can detect a pulse 
condition exceeding a specified duration. This 
customer used the part in a system where the 
timer prevented the destruction of expensive, 
high-power equipment. 


@DEVICE TYPE 

PLS168/BCA 

@DRAWING 

TRANSMITTER FAULT MONITOR 

@REVISION 

@DATE 

4/4/1988 

@COMP ANY 

@NAME 

@DESCRIPTION 

THIS DEVICE IS PROGRAMMED TO FUNCTION AS 12-BIT UP COUNTER RUNNING AT 2.5MH2Z (400 NS BIT RESOLUTION 
/ TOT. CNT OF 1.64 MS). THE COUNTER IS DYNAMICALLY CONTROLLED TO START COUNTING WHEN THE (SIGIN) 
INPUT IS ASSERTED HIGH. 


IF THE (SIGIN) INPUT IS NOT NEGATED BY THE TIME THE COUNTER ELAPSES TO 105 US THE COUNTER ASSERTS 
THE ALARM OUTPUT HIGH. AT THIS POINT THE COUNTER CONTINUES TO COUNT UNTIL AN ELAPSED TIME OF 922 US 
+ 105 US (1.027 MS). 


THIS COUNT VALUE RESETS THE COUNTER BACK TO ZERO WHERE IT THEN IDLES UNTIL THE NEXT (SIGIN) INPUT 
REQUEST. 


DURING THE 922 US CYCLE COUNT THE SEQUENCER SAMPLES THE (SIGIN INPUT) EVERY 53 US. IF THE INPUT IS 
ASSERTED HIGH THE SEQUENCER WILL SET THE ALARM FLAG AND TIME OUT FOR THE SPECIFIED ALARM TIME OUT 
CYCLE (922 US). 





Figure 6-14.1 PLS168/BCA TRFDECT .BEE File (continued) 
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(TIME) (DETECT POINTS) (MODE) (ST) (Fl FO P9 P8 P7 P6 


Figure 6-14.2 PLS168/BCA TRFDECT .BEE File (continued) 





November 1990 566 


Philips Components—Signetics Programmable Logic Devices 





Programmable logic design and application notes 


IF THE (SIGIN) INPUT IS NEGATED BEFORE THE ELAPSED TIME OF 105 US THE COUNTER CONTINUES TO COUNT 
UNTIL THE ELAPSED TIME OF 955 MS. AT THIS POINT THE COUNTER AGAIN RESETS ITSELF UNTIL THE NEXT 
(SIGIN) INPUT REQUEST. 


DURING TEST MODE, THE SEQUENCER SAMPLES THE SIGIN PULSE AT A REPETITION RATE OF 72 US. WITH A 
PULSE WIDTH OF 6.5 US. THE TIME OUT FOR AN ALARM DETECT IS BASED ON SAMPLE A CHECK ONCE EVERY 5 
US, AFTER THE 10 US SAMPLE FOR SIGIN NEGATION. 

END 


Figure 6-14.3 PLS168/BCA TRFDECT .BEE File (end) 





November 1990 567 


Philips Components—Signetics Programmable Logic Devices 





Programmable logic design and application notes 


@PINLIST 

> <~--REFERENCE-->” 
“PINLABEL PIN # PIN FCT PIN_ID OE_CTRL” 
CLK CK CK 
SIGIN I5 
N/C 14 
SIGDLYIN 13 
AIN I2 
IAl I1 
IAQ Io 
FAO FO 
FA1 9 Fl 
SIGDLYOUT 10 F2 
ALARM 11 F3 
GND 12 GND 
N/C 13 PO 
N/C 14 Pl 
N/C 15 P2 
N/C 16 P3 
/OE 17 PR//OE 
N/C 18 Til 
N/C 19 110 
N/C 20 19 
N/C 21 18 
N/C 22 17 
N/C 23 16 
vec 24 +5V vec 


Se Ne Ne Ve Se Ne Sn Ma Se Ne Ne Ne Ne Se Me Ne te 


© Ne Se Se Me Ne 


HHHHHHUBVOODODDVCOVOCOOQOHHHHHH 


Figure 6-15. PLS168/BCA TRFDECT Pintist 


File Name : TREDECT 

Date : 9/14/1988 

Time : 13:24:44 
Cust/Project 

Date 4/4/1988 
Rev/I. D. 


PLS168 


OPTION P/E 


i 


ss 
sos 


. 


sSNA Ss 
rmomonmnmn rare 


. 
. 


cnromrctae oe 
Yih abt ee ieee ES 
ACES ett eee cigs 


Table 6-3.1 Transmitter Fault Detector Program Table (continued) 
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Table 6-3.2 Transmitter Fault Detector Program Table (end) 
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Scope Trace Sweep Circuit — 


PLS153 and PLS155 
Jerry Liebler submitted this spectrum 
analyzer sweep circuit design. 


@DEVICE TYPE 
PLS153 
@DRAWING 
1 
@REVISION 
1 
@DATE 
1-27-88 
@SYMBOL 
@COMPANY 
Tektronix Inc. 
@NAME 
sweep logic 
@DESCRIPTION 
This chip forms the sweep logic circuit for the 2710 
spectrum analyzer. 
@PINLIST 

<~-REFERENCE-->” 
“P INLABEL PIN # PIN FCT PIN_ID OE_CTRL” 
EOSWP- : I0 = , 
TRIGIN oT EL 
SLOPE I2 
AUTOTRIG-— 13 
SSTRIG 14 
SINGLSWP IS 
MANSWP - I6 
SGDIS 17 
HOLDOFF 9 BO 
GND 10 GND 
RSFFI2 11 Bl 
RSFFI1 12 B2 
SGDFFI 13 B3 
SSFDDO 14 B4 
SSDFFI 15 B5 
STIN 16 B6 
STOUT 17 B7 
SWPGATE- 18 B8 
SWPGATEO 19 B9 
vcc 20 +5V vec 


Ne Ne Ne Sn Ne Ne Ne Ne Ne Me Ne 


_ 


a Me Sa te 


OWOHOCDCDODOVOOWHHHHHHHH 


Figure 6-16. PLS153 SWP Pinlist 
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@COMMON PRODUCT TERM 

SWPTRIG=/ (EOSWP- )+/((STOUT*/STIN) +/AUTOTRIG-) +/SSDFFO+/RSFFI2; 
@I/O DIRECTION 

DO=RSFFI2; 

D8=/SWPGATE*/SGDIS; 

@LOGIC EQUATION 

RSFFI2=(EOSWP- )*/RSFFI1; 

RSFFI1=/HOLDOFF*/RSFFI2; 

SWPGATE = SGDFFI*/SWPTRIG + /MANSWP- + SWPGATE*(EOSWP- ) *SWPTRIG; 
SWPGATE- =0; 

SGDFFI= SWPTRIG+/MANSWP-+(/SWPTRIG* (EOSWP- ) *SGDFFI); 

HOLDOFF = 0; 

STOUT= ( (TRIGIN*/SLOPE) +(/TRIGIN*SLOPE) ) ; 

SSDFFO= SSDFFI*SSTRIG+/SINGLSWP+(EOSWP- ) */SSTRIG*SSDFFO; 
SSDFFI= /SSTRIG+/SINGLSWP+(EOSWP- ) *SSTRIG*SSDFFI; 


Figure 6-17. PLS153 SWP .BEE File 


@DEVICE TYPE 
PLS155 
@DRAWING 
@REVISION 
@DATE 
@SYMBOL 
@COMPANY 
@NAME 
@DESCRIPTION 
@PINLIST 

> <--REFERENCE-->” 
“PINLABEL PIN # PIN_FCT  PIN_ID OE _CTRL” 
HCLOCK CK CK - 
VSYNC 0 - 
ENDVSWP 1 - 
VIDMON 12 - 
TC- 13 - 
VIDMON- BO DO 
PE- B1 D1 
VMTST B2 D2 
FMVID- B3 D3 
GND GND - 
N/C /OE - 
SWPGATE B4 D4 
BLANK BS DS 
QBAR FO EA 
STO Fl EA 
sTl F2 EB 
TRIGGER F3 EB 
HSOUT BE D6 
HSIN B7 D7 
vec - 


Wm OHHOOHHHH 


~~nr Oo 
oo°0 
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Figure 6-18. PLS155 SWP3 Pinlist 
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@COMMON PRODUCT TERM 

@COMPLEMENT ARRAY 

@I/O DIRECTION 

d4=blank; 

@FLIP FLOP CONTROL 

@OUTPUT ENABLE 

@REGISTER LOAD 

@ASYNCHRONOUS PRESET/RESET 

@FLIP FLOP MODE 

m0=1; 

@LOGIC EQUATION 

blank=(/ (/qbar) +hsout) *vidmon+vmtst*/fmvid-; 

swpgate=0; : 

hsout=hsin’ 

vidmon-=/vidmon; 

/qbar : j=vsync*vidmon; 
k=endvswpt+/vidmon; 

/trigger: d=/(tc-); 

pe-=/ (st0*/stl1l*vsync) ; 


Figure 6-19. PLS155 SWP3 .BEE File 
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@DEVICE SELECTION 
swp3/plsi55 
@STATE VECTORS 
{st1,st0] 
odd =00b; 
stbl =01b; 
stb2 <=10b; 
even =1lb; 
@INPUT VECTORS 
[VSYNC] 
vi =lb; 
notvi =0Ob; 
@OUTPUT VECTORS 
@TRANSITIONS 
while fodd] 
if [vi] then [stb1] 
if [notvi] then [odd] 


while [stb1] 
if {vi] then [stb2] 
if [notvi] then [odd] 


while [stb2] 
if [vi] then [stbl] 
if [notvi] then [even] 


while [even] 
if [vi] then [stbl] 
if [notvi] then [even] 


Figure 6-20. PLS155 SWP3 .SEE File 
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GENERAL APPLICATIONS 


Motor Stepper Controller with the 


PLS155 
Jim Greene designed and constructed 


the Stepper Motor Controller. This circuit 


allows control of bidirectional stepper 
motors for both single wave drive (only 


Programmable logic design 
and application notes 


rate movement or a clock that ramps 
up and down to provide for 
acceleration and deceleration. 
(Dependent on application.) 


2. With the addition of control to another 


flip-flop, the PLS155 could provide 
half-step capability for finer 


4. The PLS155 will probably not have 
enough current drive for most 
stepper motor applications, therefore, 
a power buffer like the one shown 
(Figure 7-5) could be used. The 
components and values can be 
changed to fit your application. 


Figure 7-2 shows the PLS155 pinlist, 
Figure 7-4 the logic diagram, Figure 7-3 
corresponding design file, and Table 7-1 
the final program table. 


: ‘ resolution. 
one phase on at a given time), and 


2-phase drive (2 phases on at a time). 3. The preset and reset terms on the 


flip-flops could be used with a 
product term to provide an inhibit 


1. The clock (CLK) input can be driven 
function if necessary. 


by a continuous pulse train for steady 


SIGNAL NAME 
1PHA 
1PHB 
1PHC 
1PHD 


1PHASE 
1PHASE 
1PHASE 
1PHASE 


2PHA 
2PHB 
2PHC 
2PHD 


2PHASE 
2PHASE 
2PHASE 
2PHASE 





Figure 7-1. Clock Phases for Stepper Control 
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@DEVICE TYPE 
PLS155 
@DRAWING 
@REVISION 
@DATE 
@SYMBOL 
@COMPANY 
@NAME 
@DESCRIPTION 
@PINLIST 


> <--REFERENCE-->” 
“PINLABEL PIN # PIN FCT PIN_ID OE _CTRL” 
CLK CK CK = 
DIR Io - 
N/C Ii 7 
N/C I2 = 
N/C 13 “ 
2PHA BO DO 
2PHB Bl D1 
2PHC B2 D2 
2PHD B3 D3 
GND GND aa 
N/c /OE sa 
1PHA B4 D4 
1PHB BS DS 
/0 FO EA 
/O Fl EA 
/B F2 EB 
/B F3 EB 
.O Dé 
0 D7 
+5V - 


Ne Se Ne Me Ne 


Ne Ne Me Se Ne 


I 
I 
I 
I 
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O 
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oO 
0 
/ 
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Ne Fe Ne Ne Ne 


Me 
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Figure 7-2, PLS155 STEP Pinlist 
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@COMMON PRODUCT TERM 
@COMPLEMENT ARRAY 
@I/O DIRECTION 
dO-1; dl=1; d2=1; d3=1; d4=1; d5=1; d6=1; 
d7=1; 
@FLIP FLOP CONTROL 
@OUTPUT ENABLE 
ea=0; 
@REGISTER LOAD 
la =0; 
@ASYNCHRONOUS PRESET/RESET 
ra=/1; 
@FLIP FLOP MODE 
ml = 1; mO = 1; 
@LOGIC EQUATION 
lpha lq*2q; 
lphe 2q*/1q; 
lphb /2q*/1q; 
lpha /2q*/1q; 
2phd (1q*2q) * (2qt1q) + (/1q+/2q) * (/2q*/1q) ; 
2phe (2q*/1q) * (/1q+/2q) + (/2q+1q) * (1q*2q); 
2phb (/2q*1q) * (/2qt1q) + (2q+/1q) * (2q*/1q) ; 
2pha (/2q*/1q) * (2qt+/1q) + (2q+1q) * (/2q*1q) ; 
/2q : /dir*/lq+tlq*dir; 
dir*/lq+lq*dir; 


’ 


~ 
r 
Q 

wow toi od bob uo on tt 


Honou id 
PeN 


we 


Figure 7-3. PLS155 STEP .BEE File 
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Figure 7-4. Stepper Motor Logic Diagram 
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File Name : STEP 

Date : 9/14/1988 

Rev/I. D. 

PLS155 !'FF TYPE! EB EA ! ! POLARITY 
! ! 
Pannen en }------- ! 
'AsA:.:.!0 3: 


R 
IBIA!IBIA! 
Obs ed !7 
L L!O hie 
L H!IO 


H L!O 


=f 

| 

—?!t 

-!t 

! Sd ekg, hewigil 

6!A!- - t- - - -,- - - -!- - - -!0 Ole eG ae 

T!A!10 00 0!10000,0000!0000!000 O!IAAA AIA A,A AAA! 


KKK KK KKK KK KKK KK IK IK KK KK RIK KKK KK IOI KKK KKK KKK KKK 


COOOOOOON 


OK IORI OOOO OI ITOK IO OIRO III IOI ko 


31!0!0 0 0 0!0 0,0 C10 0O,OO0OO O!O O00 COIAAA AIAAAA,AAA A! 
Fe!0!0 0 O O!0 0 Oo! 

Lb!.!0 0 0 O!0 ! oO! 

La!.!0 0 O O!0 


Table 7-1. STEPPER CONTROL Program Table 


Ry 2 
R470 OHMS ly 


INDUCTOR 
PHASE A 


Rg 
R25 OHMS 


NOTES: 

Dy, D2 ARE IN4001 
Q, IS A 2N2222 
Q» IS A 2N3055 
D3 IS A BY127 


Figure 7-5. STEPPER CONTROL Power Buffer 
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SECURITY SYSTEMS — 

Neil Kellet 

Security systems are typified by some 
sensing circuit (perceiving intrusion, fire, 
etc.) and some basic activation circuit. 
Simple logic or complex sequences may 
be used with the sensors or the alarm 
generation circuits. Two of the following 
solutions utilize the innate capability of 
CMOS EPLDs to work well with RC 
timing circuits in generating time delays 
and relaxation oscillators. 


CONTROL 
INPUTS 


PREATAK 


ALARM 


Programmable logic design 
and application notes 


A Programmable Alarm System — 
PLS168 

This design illustrates an expansion of 
the design using additional PLS153 
devices which were deleted in this 
version for brevity. 


A basic alarm controller can be 
considered as a black box with several 
inputs and several outputs (Figure 8-1). 
Some inputs are used for detection and 
others for control. Detect inputs are 


SOUNDER 
ALARM 
OUTPUTS 


CONTROLLER 


DETECT 


INPUTS ALARM 1 


STATUS 
INDICATOR 


Figure 8-1. Basic Alarm Controller 
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driven from a variety of alarm 
transducers such as reed switches, 
smoke detectors, pressure mats, etc. An 
ARM input switches the system into a 
state which allows detection of the 
various alarm conditions and a RESET 
input is used to reset the system after an 
alarm has been triggered and dealt with 
or on re-entering the protected area. 
Outputs from the system include a 
sounder, a beacon and status indicators. 
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eratak/ 
sounder 
arm: mresel 


sounder 


al 
sounder 


arm-Tire-peratal 
arm-reset/sound 


Sounder-off delay: 
Tire-(arm-reset/ 
sounde 


arm-reset/ 
sounder 


TO ST_NULL 


fire/sounder- 


alarm 1-fire/sounder 
alarm 2-fire/sounder 
alarm 3-fire/sounder 


alarm 1-fire/sounder, 
larm 2-Tire/sounder. 
alarm 3.fire/sounder: 
entry delay -firé/sounder 


TO ST_NULL 


Figure 8-2. State Diagram for the Alarm Controller 


Detect inputs can be divided into timed, 
untimed, fire and personal attack inputs. 
Timed circuits allow entry/exit delay circuits 
for front and rear doors, to delay operation of 
the alarm for approximately 16 seconds. 
Untimed circuits cause the alarm to operate 
immediately when an alarm condition occurs. 
These would be used to protect unusual 
means of entry, such as windows. Both the 
timed and untimed circuits should operate 
only if the system is armed. 


The personal attack circuit is a special case 
untimed circuit and should operate only when 
the system is disarmed. The fire-detect circuit 
is again a special case untimed circuit and 
should operate regardless of whether the 
system is armed or not. 


Outputs from the controller drive an external 
sounder and beacon. After 128 seconds, the 
sounder should turn off if the alarm has been 
triggered by either a timed or general untimed 
circuit. However, when a fire or personal 
attack triggers the system, the sounder 
should not turn off until the system is reset 
and the alarm condition removed. 


State Machine implementation 
This design is best implemented as a state 
machine. The state diagram is derived from 
the verbal system description. Please note 
from Figure 8-2 the controller can be in one of 
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six possible states. Examine the transitions 
from ST_NULL as an example. If a personal 
attack or fire condition occurs while in this 
state, a transition to ST_1 takes place as 
indicated by the arrows on the diagram. Also 
at this time the sounder and beacon are 
activated, thus giving the alarm. If the fire and 
personal attack conditions have not occurred 
and the ARM SWITCH is set, then a 
transition to ST_O takes place. 


Similarly, other arrows on the state diagram 
represent transitions between other states 
when specified input conditions occur. Output 
parameters are shown to the right of the 
slash line. Where there are no output 
parameters specified in a transition term, this 
indicates that no output changes are desired 
during this transition. That is, an output will 
hold its present value until told to change. 


PLD Implementation 

Having defined the desired system operation 
it is now time to select the required device to 
implement the desired system function from 
the PLD Data Manual. In this case, the 
device selected is the PLS168. Figure 8-3 
shows the pinning information for the alarm 
controller. A 10-bit counter within the 
controller produces the entry/exit and 
sounder turn-off delays since this makes 
more efficient use of the PLD facilities than 
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exit delay-fire-(arm-reset) 


arm: resetL_ 


ae f 


TO ST_NULL 


implementing the delays as part of the state 
machine. This counter uses seven internal 
registers with feedback and three without. For 
those registers without feedback, external 
wiring feeds their outputs back into the device 
to complete the 20-bit counter. Pins five to 
ten are used for this purpose. OutputT7 also 
forms part of the counter. 


Three other registers form the state registers 
and are labeled SRO, SR1 and BEACON. 
State vectors for these registers have to be 
chosen with care to ensure that the beacon 
output is activated at the correct time. Other 
inputs and outputs are as already discussed. 
Note that the PR/OE pin is not used. This pin 
must be tied to ground in the final circuit. 


Once the pin information has been entered, 
any Boolean equations desired can be 
defined using the Boolean equation entry 
(.BEE) file of AMAZE. List 1 shows the .BEE 
file for the alarm controller. Any internal 
registers used in either the Boolean equation 
or state equation entry file are given names in 
this file, in this case 1 to 16. Equations for the 
10-bit counter are entered after the title line 
@LOGIC EQUATION, using registers t1 to 
t10in. Register SRO halts and clears the 
counter while the controller is in certain 
states. This needs to be considered when 
defining the state vectors. 
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State Equation Entry 

The state equation entry (.SEE) file of 
AMAZE uses a state-transition language, 
parameters of which are taken directly from 
the state diagram. Information is entered into 
this file in a free format. The only points to 
remember are that the square brackets 
should be used throughout to define the state 
registers and transitions, semicolons should 
be used to mark the end of vector definition 
and apostrophes should be used to indicate a 
registered output. State vectors can be 
defined in the state equation entry file as 
shown in List 2. State vectors are simply a 
means of labeling an arrangement of state 
registers which can be used later to define 
state transitions. Because we are using the 
BEACON output register as a state register 
also and SRO is being used to halt and clear 


the 10-bit counter, particular care must be 
taken in defining the state vectors in this 
instance. 


From the state diagram, the counter must 
begin counting during states ST_0, ST_2and 
ST_3 and it must be cleared during states 
ST_1, ST_4and ST_NULL. State ST_NULL 
represents the power-up state of the PLS 168 
in which all register outputs are at logic one. 
Thus the inactive state of the counter is 
defined as being when SRO is at logic one, 
therefore, SRO must be at this level during 
states ST_1 and ST_4 and at logic zero 
during other states. The alarm beacon is 
considered to be active by an active-low 
signal and must be activated during states 
ST_3 and ST_4. Register SR1 must therefore 


be chosen to ensure mutual exclusivity — 
between state vectors. Input and output 
vectors can be defined in the same manner in 
terms of input and output label names. In this 
case, however, the label names are used 
directly. State transitions can now be derived 
directly from the state diagram. This is done 
using a Pascal-like state transition language 
and can clearly be seen in Table 8-1. Note 
that multiple /F statements can be 
implemented as such or as CASE statements 
as shown. Entry/exit and sounder turn-off 
delay times are represented as a decoding of 
the 10-bit counter states. Thus to get the 
desired 16 second entry/exit delay. t7 must 
be decoded and to achieve the 128 second 
sounder turn-off delay t10in must be 
decoded. 


STATE MACHINE AND TIMER FOR BURGLAR ALARM 


@INTERNAL SR FLIP FLOP LABELS 
té t5 t4 t3 t2 t1 
@LOGIC EQUATION 
tl: s /t1*/sr0 ; 
r t1*/sr0 


t2 s 


r 


t3 


t4 


t5 


t6 


t7 


- 
- 
- 
- 
- 
- 
- 
- 
- 


_ (Can be used 
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sr0 


. 
, 


t1*/t2*/sr0 


t1* 
sr0 
t1* 
t1l* 
sr0 
ti* 
t1* 
sr0 
tl 
t1* 
sr0 
ti* 
C-* 
sr0 
t1* 
t.* 
sr0 
t1* 
t1* 
sr0 
ti* 
t1* 
sr0 
t1* 
ti* 
sr0 


t2*/sr0 


. 
, 


t2*/t3*/srd ; 
t2* t3*/sr0 


, 


t2* t3*/t4*/sr0 ; 
t4*/sr0 


t2* t3* 
t2* 
t2* 


t3* 
t3* 


t3* 
t3* 


t2* 
t2* 
t2* 
t2* 


£3* 
t3* 


t3* 
t3* 


t2* 
t2* 


3* 
t3* 


t2* 
t2* 
t2* 
t2* 


’ 


t3* 
t3* 


t4*/t5*/sr0 
t5*/sr0 


t4* 


t4* 
t4* 


t4* 
tae 


t4* 
t4* 


t4* 
t4* 


t4* 
t4* 


, 


t5*/t6*/sr0 ; 
t5* t6*/sr0 


t5* t6*/t7*/sr0 ; 


t5* 


t5* 
ta* 


t5* 
t5* 


e5* 
t5* 


tex 


te* 
té6* 


te* 
te* 


t6* 
t6* 


t7*/sr0 


t7*/t8*/sr0 
t7* t8*/sr0 


t7* 
t7* 


t7* 
Ca 


Table 8-1. Logic Equations 
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t8*/t9*/srd ; 
t8* t9*/sr0 


tB* t9*/t10*/srd >; 
t8* t9* t10*/sr0 


later to define state equations) 
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PLS168 


Figure 8-3. Pinning Information for the Alarm Controller 


With the system fully defined, simply 
assemble the design information during the 
AMAZE assembler to produce the fuse 
pattern for the desired device. Should any 
design changes meed to be made to a 
device, the fuse pattern may be modified 
directly using the program table editor of 
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ck) 


Figure 8-4. Alarm System based on the PLS168 


AMAZE. However, taking this action is not 
recommended since Boolean equation and 
state equation files are not altered 
correspondingly. 


Functioning of the device can be verified with 
the AMAZE simulator, which can also be 
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KO 


KILL 


Heat Detector Switch eo —~e 





used to check A.C. timings before 
downloading the pattern to a device 
programmer, such as Stag ZL30A or 

Data I/O 298, to program the device. Test 
vectors are produced either automatically or 
interactively by the simulator. 


Philips Components—Signetics Programmable Logic Devices 





Programmable logic design and application notes 





Programmability 

The PLS168 device could now be used as 
the controller of an alarm system. As it 
stands, the device assumes that all the alarm 
inputs indicate an alarm condition when in the 
high state, logic one, and that the alarms are 
activated when the alarm outputs are active 
low (i.e., at logic zero). 


Should an alarm input transducer be used 
which indicates an alarm condition as a low 
state, this can be catered for by altering the 
.SEE file. For example, consider a smoke 
detector which outputs logic zero on 
detection of an alarm condition and assume 
that this transducer is driving the “fire” input 
of the device. By changing all references to 
‘fire’ in the .SEE file to ‘/fire’ and all instances 
of ‘/fire’ to ‘fire’ then the activation of the 
alarms will occur when logic zero is applied to 


this input and not when logic one is applied, 
as in the original case. Pinlist and .BEE files 
do not need to be altered. 


Polarity of the output signals cannot be 
altered as easily, as the device will always 
power-up with the outputs at logic one. This 
should not prove to be a problem since the 
outputs simply drive output transistors and 
these can be used to produce the correct 
polarity signal for the beacon and sounder. 


System Implementation 

Figure 8-4 shows a typical alarm system 
based on this device. The system clock is 
produced by a relaxation oscillator built from 
74HC132 Schmitt Triggers. Values of Ry and 
C, shown result in a frequency of 
approximately 4Hz which will provide the 
desired entry/exit and sounder turn-off 


delays. These delays can be modified either 
by changing the external oscillator circuit or 
by decoding a different internal counter state. 
For example, to increase the entry/exit delay 
change all references to t7 in the .SEE file to 
t8. Both normally-closed and normally-open 
loop implementations are shown. Due to the 
distances involved in an alarm system, the 
open-loop configuration may cause problems, 
being driven by the positive supply. to avoid 
this problem, input-detect polarity of the 
open-loop circuit can be changed by altering 
the .SEE file. 


Status indication can be provided by 
connecting LEDs as in Figure 8-5. When the 
reset button is pressed, any LED being lit will 
indicate an alarm condition for that input. This 
will not reset the alarm system unless the 
arm switch is off. 


Figure 8-5. Status LEDs Connected to the alarm 
controller as shown provide status information 
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[sr0, srl, beacon] 


st_null 
st_0 
stl 
st_2 
st_3 
st_4 


111b; 
001b; 
101b; 
011b; 
010b; 
100b; 


tout to nod 


Q@TRANSITIONS 
While [{st_null1] 
case 
[arm* /fire * /peratak] 
{peratak} {[/sounder’ } 
{fire] {/sounder’ } 
encase 


While. [st_0] 
case 
(t7 * /fire * (arm + reset) ] [st_1] . 
(/arm * /reset] [st_null} {sounder’ ] 
[fire] : : [st_4] {/sounder’ ] 
encase 


While [st_1] 
case 
{timedl * /fire] : : [st_2] 


[timed2 * /fire] >: [st_2] 

[alarml * /fire] : [st_3] [/sounder’ } 

{alarm2 * /fire] ([st_3] {/sounder’ ] 

[alarm3 * /fire] : 3 [st_3] {/sounder’ ] 

(/arm * /reset] : [st_null] [sounder’ ] 

[fire] 7 [st_4] [/sounder’ ] 
encase 


While [st_2] 

case 
{t? * /fire} 
{alarml * /fire] 
{alarm2 * /fire] 
{alarm3 * /fire] 
[/arm * /reset] 
{(fire] 

encase 


oe 


{st_3] {/sounder’ J 
(st_3] {(/sounder’ ] 
[st_3]} {/sounder’ } 
[st_3] {/sounder’ ] 
(st_null] {sounder’ J 

[st_4] {/sounder’ ] 


While [st_3]} 
case 
[tlOin * /fire * (arm + reset) } {sounder’ ] 
[[/arm * /reset] {sounder’ ] 
(fire] {/sounder’ } 
encase 


While [st_4] 


case 
if {/arm * /reset] then [st_null] with [sounder’] 


Table 8-2. State Equations can be used to define state transitions 
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INTRODUCTION 

Signetics invented the programmable 
logic sequencer with the 82S105 back in 
1979. Since that time, additional parts 
were introduced, with a wide following of 
users who got programmable state 
machines into their designs. But, many 
potential users are still confused about 
what a sequencer is. Let us clarify that 
by simply stating that a sequencer is a 
programmable logic device capable of 
making user configurable state 
machines in a single chip. The first 
sequencers were configured with a 
programmable logic array (PLA) 
connected to a group of flip-flops. For 
state machine designs, the choice of 
either S-R or J-K flip-flops was 
appropriate because of logic efficiency. 
D flip-flops may be used, just as well, 
but are less efficient. Also, the restriction 
of using a PLA may not be mandatory. 
Many have used fixed-OR structures 
driving D flip-flops, and found the 
resulting solutions satisfactory. Hence, 
the broad definition of a sequencer is 
simply a programmable logic device with 
flip-flops. The inclusion of additional 
features beyond these basics can make 
all the difference in the world, and will be 
shown to be quite useful. Among the 
critical additional features are: A 
complement array, buried versus 
exposed flip-flops, independent flip-flop 
clocking and independent asynchronous 
set and reset capabilities. As well, 


CMOS sequencer solutions 


something as simple as permitting some 
flip-flops to be clocked on rising clock 
edges and others on falling edges can 
have far-reaching performance 
implications. 


This booklet will look at three parts that 
are sequencers, but which also have the 
additional property of being made from 
CMOS, so they have some low power 
capabilities that similar bipolar devices 
do not have. These devices are the 
PLC18V8Z, the PLC415 and the 
PLC42VA12. Each of these devices will 
be presented with a detailed application 
described that is appropriate to that 
device. After an initial description of the 
parts is given, a brief discussion of 
power-saving techniques is given. Then 
the example applications are detailed 
with complete design files which can be 
run on Signetics design software. 


The PLC18V8Z 

Figure 1 shows the PLC18V8Z logic 
diagram. As can be seen, there is a 
large programmable region that can 
interconnect input lines and feed back | 
logic values to a region where they may 
be associated with the inputs to AND 
gates at small fixed-OR sites. This is 
termed Programmable Array Logic 
(PAL®). The outputs of the fixed-OR 
sites then drive into macrocells (the little 
boxes in Figure 1). The macrocell is 
detailed in Figure 2, where it is seen that 


PAL is a registered trademark of Monolithic Memories, Inc., a wholly-owned subsidiary of Advanced Micro Devices, Inc. 


GAL is a trademark of Lattice Com. 
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the macrocell consists of one D flip-flop, 
three multiplexors, an exclusive-OR gate 
(for polarity control), configuration 
programmable sites and feedback 
paths. The output points of the 
macrocells have access to the chip’s 
output pins. By configuring the macrocell 
multiplexors, it is possible for a signal 
coming into the macrocell to be routed 
(by MUX) to the output pins (from the 
combinational logic area) to take the 
flip-flop output to the pins, to feed back 
the flip-flop to the main logic array, or 
accept the “F” pin as in input. Because a 
large number of applications are “byte” 
oriented, eight macrocells fits in a data 


oriented system. The number of 


applications that require no more than 8 
product terms per OR gate cluster, is 
also very large, and includes counters, 
shifters, pattern recognizers and 
handshakers. It should also be noted 
that a special output is dedicated on the 
macrocell to permit 3-State control of the 
output pins, from the programmable 
array. 


Designers familiar with generic array 
logic (GAL™) will appreciate that the 
PLC18V8Z is intentionally pinned to be 
directly compatible with the 20-pin 16V8 
device. This means that the PLC18V8Z 
can replace the long list of fixed-OR 
devices that includes the popular 16L8, 
16R8, 16R6, 16R4, etc. 
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Figure 2. PLC18V8Z Macrocell 





June 1990 585 


Philips Components—Signetics Programmable Logic Devices 





CMOS sequencer solutions 





The PLC415 

The PLC415 is shown in Figure 3, ina 
shorthand form. The actual part incorporates 
groups of J-K flip-flops with a programmable 
logic array. The flip-flops are logically 
grouped by virtue of association to specific 
output pins and association with particular 
clock inputs. The PLC415 illustrates both 
exposed flip-flops (Q outputs directly tied to 
the output pins) and buried flip-flops (Q 
outputs fed directly back to the 
programmable interconnect region). 
Sometimes, the outputs of the buried 
flip-flops are referred to as the state variable 
register because they capture next-state 
information to generate the transition signals 
for driving other flip-flop inputs. It should be 
noted that the PLC415 associates one group 
of four buried flip-flops, to a specific group of 
4 exposed flip-flops by virtue of common 
clock inputs. Hence, this group can be 
thought of as a single, synchronous 
programmable state machine. The 64 product 
terms are available to be freely 
interconnected to any of the flip-flop OR gate 
inputs. There are no connection restrictions, 
and complete freedom of sharing. The 
second state machine can also use any of 
the AND gates as needed. 


One of the powerful features of the PLC415, 
which is not available on registered fixed-OR 
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devices, is multiple clock source availability. 
This, coupled with independent 3-State 
controls, permits some unique inherent output 
multiplexing capabilities. 


Another feature that has been seldom 
understood, is the “complementterm.” — 
Basically, the complement term is a NOR 
gate located in the PLC415 PLA, to permit 
efficient next-state transitioning. If flip-flop 
transitions are accomplished with Boolean 
products (asserted to logical “1” at their 
outputs), the state machine will transition 
accordingly. Usually, this is thought of by 
saying “If the machine is in state X, and an 
input of Z occurs, then assume the next state 
of W." What happens if input value Z doesn't 
occur? Usually, the machine will then stay in 
state X. But what if it is desired to move to 
another state if there are no asserted input 
conditions present? The logic designer is 
confronted with generating a function that 
provides the correct, positive asserted 
transition terms. This consumes lots of 
product terms, and the designer quickly 
depletes AND gates. However, by logically 
combining a product term that decodes the 
present state, with the missing input 
combination, a logical product will be 
generated permitting a next-state transition to 
occur when the input condition is absent. This 
product can be sent to the NOR term 
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(i.e., complement term), which generates a 
logical "1" when all of its inputs are ata 
logical “0”. This NOR output can force a 
transition from state X to state Y. The folks at 
Signetics refer to this as generating a logical 
“else” condition. Hence, using the 
complement term, a state transition may be 
described as “if state X and input Z, then 
state W, else state Y.” A particularly slick 
feature of this attribute is that by combining 
the current state with the queried input into a 
product term, other product terms can be 
included in the complement NOR gate, which 
decode different states and input conditions. 
The state transition payoff is that only one 
complement term is really ever needed per 
state machine, to get the “else transitions” 
from all possible states. Because the PLC415 
can build two independent machines, it 
includes two complement terms. The 
Signetics design software AMAZE and SNAP 
automatically use the complement term to 
perform “else state transitions.” Because the 
complement term requires a signal to pass 
through the programming array twice before 
hitting a flip-flop input, there is a small speed 
penalty to use it. However, there is a major 
payoff in terms of AND gate usage. This 
feature has literally become a signature item 
in most Signetics sequencers. 
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The PLC42VA12 

The PLC42VA12 was recently (December 
1989) heralded as one of the top 
programmable logic devices of the year by 
Electronic Design magazine. Its architecture 
solves more standard design problems for a 
24-pin device than any other comparable 
device. The PLC42VA 12 is so flexible that 
designers are permitted nearly unrestricted 
design freedom. Incorporating 10 J-K 
flip-flops with a large PLA, the designer is 
able to clock each flip-flop from a distinct 
source. Each flip-flop has asynchronous set 
and clear, and flip-flop outputs either pass to 
an output pin, back into the programming 
array, neither, or both. Using an output pin 
does not force the associated flip-flop 
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function to be lost, and outputs are 3-State 
controlled in small groups, from either 
dedicated pins, or from the PLA. The 
PLC42VA12 also has two combinational 
outputs. As can be seen in Figure 4, the 
combinational output points are driven from 
polarity controlling Exclusive-OR gates. It 
should be noted that the PLC42VA12 has 
been designed for compatibility with the 
popular 22V 10 device. Designers that have 
enjoyed the 22V10, but needed greater 
flexibility, will appreciate additional freedom in 
designing with the PLC42VA12. 


Functional independence is a key feature of 
the PLC42VA12. By having separate clocks 
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for each flip-flop, the designer may treat each 
flip-flop as a separate element. Most PLDs 


- assign a single clock to large groups of 


flip-flops, which forces the designer to restrict 
the applications to standard synchronous 
state machines. The PLC42VA12 permits a 
designer to build up to 10 (granted, simple) 
state machines in a single chip. But basically, 
design freedom is maximized in a 
PLC42VA12. Additionally, the asynchronous 
reset and set inputs are carefully partitioned 
among the flip-flops to minimize restrictive 
design practices. As usual, the complement 
term is available for efficient utilization of the 
*IF-THEN-ELSE” syntax. 
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Figure 4. PLC42VA12 
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CMOS POWER IN PLDs 

When one first thinks of CMOS, zero power is 
one concept that comes to mind. ACMOS 
device should consume not power in a DC 
state, and when switching the power should 
be proportional to the frequency. This idea 
seems to make the thought of a zero power 
CMOS PLD a natural one. Yet, when one 
examines the CMOS PLD marketplace, only 
a fraction of the devices claim the mantle of 
zero power. An understanding of the basic 
concepts can be vital. 


With the exception of two architectures, all 
CMOS PLDs are constructed using an 
electrically erasable (EEPROM) or ultraviolet 
erasable (EPROM) cell similar to that shown 
in Figure 5. tt should be pointed out that a 
true CMOS E? or EPROM memory cell does 
not exist. The core of almost all CMOS PLDs 
is an array of NMOS transistors. By wrapping 
the NMOS core with CMOS I/O cells, the 
illusion of a CMOS PLD is created (Figure 6). 
The only fallacy behind this is that NUOS 
devices consume power in a DC state. The 
array of NMOS devices are continually fed 
power to maintain optimum speed. This 
means that even ina DC state, where the 
device is not switching, the power level is in 
the 10's of mA. The main advantage here is 
that since only the array consumes power, 
the loc of the device will be much less than 
similar bipolar PLDs. If we could “eliminate” 
the power to the array, the power drops to 
levels expected from CMOS devices. 


There are two classical electronic techniques 
used to eliminate the log to the die core, and 
Signetics uses both of them depending on 
the part. Both techniques have inherent 
disadvantages, but lower Icc dramatically. 
The first method is through the use of a 
special pin. When correctly asserted, a series 
blocking transistor(s) that supplies power to 
the core is turned off. This requires an 
external signal to contro! when loc is to be 
blocked and the core becomes “asleep” or 
inoperable. 


To wake up the part, the power down 
condition must be released. Placing the part 
into and out of power down mode takes time 
and this impedes performance. Figure 7 
illustrates the power saving approach of a 
dedicated control pin with the specific 
transaction for the PLC415. Note that PD 
(Power Down) must be asserted (i.e., logic 
“1”) and released (logic “O”) with a specific 
timing relationship to the clock. If the timing is 
maintained, the device will power down and 
power back up in the same state. Should the 
timing be altered, the internal state may be 
lost. 


From a simple viewpoint, the other method, 


- which is used in Signetics 18V8Z, is more 


convenient. This technique, called “Input 
Transition Detection” (ITD), has been 
adapted from MOS memory design. A 
diagram of the key circuitry is shown in 
Figure 8. If any input makes either a 
high-to-low or low-to-high transition, the ITD 
senses it and sends a pulse to the array 
supply module. The supply in turn provides 
power to the array for a period of time long 
enough that the contents of the array can be 
latched. This data is now available as inputs 
into the I/O buffers for further processing. 
Once the data has been latched, there is no 
need for the array to consume power. The 
width of the power pulse is designed so it 
only need fulfill this function. This period of - 
time, approximately 20ns for the 18V8Z, is 
much shorter than the cycle time of the 
device (35ns for the 18V8Z). This means that 
the array only consumes power for 57% of 
each cycle. Obviously when longer cycles are 
used, the percentage is reduced. The rest of 
the circuitry obeys CMOS rules. The IDT 
feature gives a device more typical of a 
traditional CMOS technology. When all inputs 
are at static CMOS levels, power to the array 
is turned off so the device consumes a 
current of less than 100A. Unlike some zero 
power PLDs, there is no surge in current 


once the device becomes active. When 
switching, the current of the 18V8Z rises ata 
linear rate which is typically imA per MHz. 


The key to the technique is the Input 
Transition Detection circuit. Shown in 
Figure 9 is a simplified ITD implementation. 
When any of the inputs makes a transition, 
the output of the Ex-OR gate, as well as the 
OR gate, goes high for a period determined 
by the delay circuit. This ‘power signal” is 
what feeds the array supply circuit which 
eventually powers the array. The width of the 
delay varies across temperature to 
compensate for faster speeds at cold 
temperatures and slower speeds at hot 
temperatures. 


Waveforms for the ITD circuit are shown in 


_ Figure 10. When input A makes a low-to-high 


transition, the power signal goes high fora 
period of tap after a delay of tpp. From these 
waveforms, it is easy to see one of the 
disadvantages of this method. When several 
inputs are applied to the device in a system 
environment, there will be a finite amount of 
skew between the inputs. Since all inputs are 
tied to the ITD circuitry, pulses will be 
generated for each input. An example of this 
is shown in Figure 11. The power signal is 
initially triggered by input A. Input B, which is 
skewed from input A by the time tsxew 
generates its own power pulse, which is 
ORed to the pulse generated by input A. This 
makes the power pulse last longer ina 
system environment, which means the device 
will consume more power than originally 
anticipated. 


A disadvantage of the ITD circuit is a speed 
penalty. Two factors in the design reduce the 
speed. Since the array is not continuously 
powered, some delay is incurred by the ITD 
circuit to provide array power. The other 
speed penalty is paid in the data latches. 
These latches are necessary to store the 
array contents. 


The 


N-CHANNEL 


Figure 5. CMOS Programming — The EPLD 
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Figure 8. CMOS PLD with ITD 
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PLC18V8Z APPLICATIONS 

The 80C51 microcontroller and its CMOS 
derivatives have two power reducing modes, 
Idle and Power Down. The Power Down 
mode reduces the device's current to less 
than 501A by only keeping the on-chip RAM 
and SFRs data intact. In order to resume 
operation while in the Power Down mode, it is 
necessary to apply a reset to the 
microcontroller. 


The PLC18V8Z is in a low power mode 
whenever its inputs are not switching, 
drawing less than 100A. An input transition 
causes the PLC18V8Z to power up its 
internal array for a short time, latch a valid 
output and then return to low power mode. 
Because of this transparent power reduction 
feature and its programmability, the 

PLC 18V8Z is an excellent device to use in 
low power applications with an 80C51 
microcontroller. 


Two examples of using the PLC18V8Z with a 
$C87C751 microcontroller are presented. 
Both applications use the PLC18V8Z to 
detect events while the SC87C751 is ina 
Power Down mode and then reset (wake up) 
the microcontroller. The first example, shown 


in Figure 12, uses the PLC18V8Z as an 8-bit 
priority encoder. An AMAZE listing of the 
circuitry fused inside the PLC18V8Z is shown 
in Figure 13. 


Whenever one of the inputs I7 — Ip goes LOW, 
a binary representation of its position is 
output on pins A3 — Ao. If more than one input 
is Active-LOW, then the input with the highest 
priority is represented on the output, where lz 
has the highest priority. Another output, EO, 
is not connected to the microcontroller but is 
used to control the RST output of the 
PLC18V8Z. EO is Active-LOW anytime all 
inputs are high. Actually, the PLC18V8Z 
could easily be reprogrammed to output the 
inverse of this signal which could be tied to 
the interrupt line of the microcontroller to 
generate an interrupt anytime one or more 
inputs were low. 


Pin 16 of the PLC18V8Z, labeled RST, is the 
output of a 3-State buffer whose input is 
always high. The buffer’s control line is tied 
internally to a product term which is enabled 
by EO and an input from the microcontroller 
labeled RSTEN. The RST buffer may be in 
only two states, either driving a high 
(resetting the SC87C751) or 3-State (allowing 
Cz to discharge), enabling normal operation 


1/2};3/4/5/6/7/8,)9]/10 = 


lo 'y Iz Ig tq ts Ie 7 Ie Guo 


PLC18V8Z 


Voc F7 Fe Fs F4 Fa Fo Fi Fo lo 


20/19} 18) 17/16)15 


$C87C751 


of the microcontroller. Before entering the 
Power Down mode, the microcontroller 
should force RSTEN low. Then, any low on |7 
—!q will cause EO and also RST high, 
resetting the microcontroller. When the 
microcontroller is reset, it will force its ports to 
input mode and since P; and P3 have internal 
pull-up resistors, RSTEN will go high forcing 
RST into the 3-State mode allowing C3 to 
discharge. 


The second example, shown in Figure 14, 
with AMAZE listing in Figure 15, uses the 
PLC18V8Z to monitor three microcontroller 
input lines (Inc — Ina) and reset the 
microcontroller upon any change. Three 
internal registers inside the PLC18V8Z are 
used to hold the states or levels of the input 
lines prior to entering Power Down mode. 
Before entering Power Down mode, the 
microcontroller should clock into the 
PLC18V8Z the states of Inc — Ina with the 
LOAD signal. Comparator logic fused into the 
PLC18V8Z compares the output of the 
registers to the three input lines. The RST 
output of the PLC18V8Z operates in a similar 
manner to the first example to reset the 
microcontroller whenever RSTEN is low and 
the output of the comparator is false. 


Voc 
P3.5 


P3.6 
P37 


P1.7/T0 
P1.6ANT1 
P1.5ANTO 

P14 
P13 
P1.2 
P14 
P1.0 





Figure 12. 
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File Name : ENCODER 
Date : 3/29/1990 
Time : 11:23:58 


@DEVICE TYPE 
PLC18V8z 
@DRAWING 
@REVISION 
@DATE 
@SYMBOL 
@COMPANY 
@NAME 
@DESCRIPTION 
@PINLIST 


<- 
“Pp INLABEL PIN FCT PI 
N/C 
I0 
Il 
I2 
13 
14 
Is 
16 
17 
GND 
/RSTEN 
AO 
Al 
A2 
/EO 
RST 
N/C /B 
N/C /B 
N/C /B 
vcc +5V 


B 


W~ ODDO DHHHHHHHHH 


@COMMON PRODUCT TERM “CPT label 
@I/O DIRECTION “DO .. Dn ” 

“ Enable: /EO ” 

D3 = i; 

“ Enable: RST ” 

D4 = RSTEN * /EO; 


@ASYNCHRONOUS PRESET/RESET “ AR = 
@SYNCHRONOUS PRESET/RESET “ SP = 
@LOGIC EQUATION 
AO = /I1*I2*I3*I4*I5*l6*I7 
+ /I3*T4*I5S*16*I7 
+ /IS*IE*I7 
+ /17; 
/T2*I3*T4*I5*I6*1I7 
/I3*I4*I5*1I6*1I7 
/I6*1I7 
/I7; 
/T4*I5*I6*1I7 
/I5S*IE6*I7 
/I6*I7 
/17; 


-REFERENCE-->” 
N_ID OE_CTRL” 
IO/CLK =; 
I1 

12 

13 

14 

15 

16 


2h 7 


18 | 
GND 
19//0E 
BO 

Bl 

B2 

B3 

B4 

BS 

B6 

B7 

vec ; 


= (expression)” 


<EXP>; 7” 
<EXP>;” 


/ (TO*I1*I2*I3*14*I5S*I6*17) ; 


1; 
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Figure 13. 
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SC87C751 


Figure 14. 
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File Name : WAKEUP 
Date : 3/29/1990 
Time : 12:22:57 


@DEVICE TYPE 
PLC18V82 
@DRAWING 
@REVISION 
@DATE 
@SYMBOL 
@COMPANY 
@NAME 
@DESCRIPTION 
@PINLIST 


<--REFERENCE-->” 
“PINLABEL PIN # PIN FCT PIN ID OE_CTRL” 
LOAD CLK IO/CLK a 
INA Il 
INB I2 
INC 13 
/RSTEN 14 
N/C I5 
N/C 16 
N/C 17 
N/C I8 
GND GND 
OE 19//0E 
OUTA BO DO 
OUTB Bl D1 
OUTC B2 D2 
COMP B3 D3 
DA. B4 D4 
DB B5 D5 
Dc B6 D6 
RST B7 D7 
vec +5V vec -~ 3 


se 


Ne 


o< 
wm 


Se Ne Ne Ne Ne 


WUD UWWWWnN OHHH HHHHH 


@COMMON PRODUCT TERM “CPT_label = (expression)” 
@I/O DIRECTION “ DO .. Dn ” 

DO = i; 

Dl = 1; 

D2 = 1; 

D3 = 1; 

“Enable: RST ” 

D7 = rsten * /comp; 


@ASYNCHRONOUS PRESET/RESET “ AR = <EXP>; ” 
@SYNCHRONOUS PRESET/RESET “ SP = <EXP>;” 
@LOGIC EQUATION 

RST = 1; 

da :d = ina; 

db :d = inb; 

dc :d = inc; 

outa = da*ina + /da*/ina; 

outb db*inb + /db*/inb; 

oute dc*inc + /de*/ine; 

comp outa * outbh * outc; 


Figure 15. 
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PLC415 APPLICATIONS 

This example places 2 independent stepper 
motor controllers in one PLC415. Each 
individually clocked controller includes a 
direction input as well as full and half step 
control. Individual set inputs force the internal 
state and output registers to state #1. Pin 19 
is fused as a power-down input and may be 
used to reduce current consumption while the 
motors are stationary. 


Suppose a stepper motor needs the 


Table 1. Half Step Sequence 


June 1990 


sequence of data shown in Table 1. 
Clockwise rotation is performed by applying 
outputs associated with steps 1 through 8, 
while counter-clockwise rotation is achieved 
by applying outputs cormesponding to 8 
through 1. Each state or step in this table is 
actually one half step to the motor. A full step 
skips one state. 


AMAZE listings for this example are shown in 
Figure 16 and Figure 17. The Boolean 


Figure 16. Stepper Control Circuit 
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Equation Entry (BEE) file contains the pinlist, 
internal flip-flop labels, and flip-flop 
initialization data. The State Equation Entry 
(SEE) contains state equations describing the 
functions of each controller. In AMAZE 1.9, 
after compilation it is necessary to invoke the 
Program Table Editor (PTE) and change the 
polarity of the dual-clock fuse. The fuse 
shown under the CLK 1/2 header should be 
changed from ‘L' to ‘H’. 
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NOTES: 

D,, Do are IN4001 
Q, is a2N2222 
Qo is a 2N3055 
D3 is aBY127 
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Ly 
INDUCTOR 
PHASE A 


Figure 17. Stepper Control Power Buffer 
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@DEVICE TYPE 
PLC415 
@DRAWING 
@REVISION 
@DATE 
@SYMBOL 
@COMPANY 
@NAME 
@DESCRIPTION 
@PINLIST 


<--REFERENCE-->” 
“PINLABEL PIN # PIN FCT PIN_ID OE_CTRL” 
CLK1 CK CLK + 
N/C I I7 - 
N/C I I6 = 
CLK2 IS/CK2 
FHSTP1 14 
DIR1 I3 
SET1 I2 
N/C Il 
N/C 10 
W1D F7 /OE 
wic F6 /OE /OEA 
W1B FS /OE /OEA 
W1A F4 /OE /OEA 
GND GND = 3 
W2A F3 /OE 
W2B F2 /OE 
W2c Fl /OE 
W2D FO /OE 
PDOWN INIT/OE 
N/C I15 
N/C 114 
SET2 113 
DIR2 112 
FHSTP2 Ill 
N/C I10 
N/C 19 
N/C 18 
vcc vcc 


Ne Ne Me te Se Ne Ne Me Ne 


Ne ve Ne Ne Ne Ne Se te 


Ne Ne Ne 


we Ne Ne Ne Ne 


HHHHHHHHDTOOOCOCCOCOOHHHHH 


a 


= 


@INTERNAL FLIP FLOP LABELS “Label declared for FF labels.” 
p2a, p2b, p2c, p2d, pla, plb, ple, pld; 


@COMMON PRODUCT TERM “CPT label = (expression)” 

@COMPLEMENT ARRAY “/CO = /{(---);/Cl = /(---);” 

@INIT/OE “ INT Pin Label = RO .. Rn; or RO... Rn; ” 

/x0, rl,/r2, r3,/r4, r5,/r6, r7,/r8, r9,/r10, rll1,/rl12, r13,/r14, r15; 


@INIT/OE CONTROL TERM 
INA = setl; 

INB = set2; 

@LOGIC EQUATION 


Figure 18. Boolean Equation Entry File 
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@DEVICE SELECTION 
415st/plc415 
@STATE VECTORS 
[pld, plc, plb, pla] 
stpl = 0101b; 
stp2 = 0001b; 
stp3 = 1001b; 
stp4 = 1000b; 
stp5 = 1010b; 
stp6 0010b; 
stp7 = 0110b; 
stp8 = 0100b; 


(p2d, p2c, p2b, p2a] 
stpla= 0101b; 
stp2a= 0001b; 
stp3a= 1001b; 
stp4a= 1000b; 
stp5a= 1010b; 
stp6a= 0010b; 
stp7a= 0110b; 
stp8a= 0100b; 


@INPUT VECTORS 
@OUTPUT VECTORS 
{wld,wlc,wlb, wla] 
stepl = 0101b; 
step2 = 0001b; 
step3 = 1001b; 


step4 1000b; 
step5 = 1010b; 
step6 0010b; 
step7 = 0110b; 
step8 = 0100b; 


[w2d, w2c, w2b, w2a] 


stepla= 
step2a= 
step3a= 
step4a= 
step5a= 
step6a= 
step7a= 
step8a= 


Figure 19.a State Equation Entry File 
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0101b; 
0001b; 
1001b; 
1000b; 
1010b; 
0010b; 
0110b; 
0100b; 





@TRANSITIONS 


while [stpl] 

if { fhstpl* dirl] 
forward” 

if (/fhstp1* dirl] 
forward” 

if [ fhstpl*/dir1] 
backward” 

if (/fhstp1*/dirl} 
backward” 


while [stp2] 

if [ fhstpl* dirl} 
if [/fhstp1* dirl] 
if [ fhstp1l*/dirl] 
if (/fhstpl*/dirl] 


while [stp3] 

if [ fhstp1* dirl] 
if [/fhstp1* dirl} 
if [ fhstpl*/dirl1) 
if [/fhstpl*/dir1) 


while [stp4] 

if [ fhstp1l* dirl] 
if [/fhstpl* dirl] 
if ( fhstpl*/dirl] 
if [{/fhstpl*/dirl] 


while [stp5] 

if { fhstp1* dirl] 
if [/fhstpl* dir1l] 
if [ fhstp1*/dirl] 
if [/fhstp1*/dir1l} 


while [stp6] 

if [ fhstpl* dirl]) 
if [/fhstpl* dirl] 
if [ fhstpl*/dirl] 
if [/fhstp1*/dirl] 


while [stp7] 

if { fhstp1* dirl] 
if [/fhstp1* dirl]} 
if [{ fhstp1*/dirl} 
if [/fhstpl*/dirl1} 


while [stp8] 

if [ fhstpl* dirl] 
if [/fhstp1* dirl] 
if [ fhstp1*/dirl] 
if [/fhstpi*/dirl] 


Figure 19.b State Equation Entry File (Continued) 
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“motor comtroller #1” 
then [stp3] with [step3’] 
then [stp2] with [step2’] 
then [stp7] with [step7’] 


then [stp8] with [step8’] 


{stp4] [step4’]} 
{stp3] {[step3’]} 
{stp8] [step8’ ] 
{stp1] [stepl’] 


{(stp5]} {[step5’] 
{stp4] [step4’ } 
{stp1]) [step1’] 
[stp2] [step2’) 


[stp6] [step6’ ] 
[stp5] [step5’] 
[stp2] {step2'] 
[stp3] [step3’ ] 


{stp7] {step7’} 
{stp6] [step6’ } 
[stp3] [step3’ ] 
[stp4] [step4’] 


[stp8] 
{[stp7] 
[stp4] 
[stp5]} 


[stp1] 
{st p8] 
{stp5] 
{stp6] 


[stp2] 
[stp1] 
[stp6] 
[stp7] 


{step8’ ] 
[step7’ ] 
[step4’] 
[step5’] 


(stepl1’]j 
[step8’ } 
{step5’] 
[step6’] 


[step2'] 
[step1'} 
[step6’ ] 
{[step7’j 
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““motor comtroller #2” 
while [stpla] 
if [ fhstp2* dir2] then [stp3a] with [step3a’] “full step forward” 
if [{/fhstp2* dir2] then [stp2a] with [step2a‘] “half step forward” 
if [ fhstp2*/dir2] then [stp7a] with [step7a’] “full step backward” 
if [/fhstp2*/dir2] then [stp8a] with [step8a’] “half step backward” 


while [stp2a] 

if [ fhstp2* dir2] [stp4a] with [step4a’] 
if (/fhstp2* dir2) {stp3a] with [step3a’] 
if [ fhstp2*/dir2] [stp8a] with [step8a’] 
if [/fhstp2*/dir2] {stpla] with [stepla’] 


while [stp3a] 

if ( fhstp2* dir2] {stp5Sa]J [step5a’ ] 
if [/fhstp2* dir2] [stp4a] {step4a’] 
if [ fhstp2*/dir2] {stpla] {[stepla’] 
if [/fhstp2*/dir2] {(stp2a]) [step2a’ ] 


while [stp4a] 

if ([ fhstp2* dir2] [stp6a] {step6a’ ] 
if [/fhstp2* dir2] {stp5a] {step5a’ ] 
if [ fhstp2*/dir2] {stp2a] {[step2a’ ] 
if [(/fhstp2*/dir2] [stp3a] {[step3a’ ] 


while [stp5a] 

if [ fhstp2* dir2] [stp7a] {step7a’] 
if (/fhstp2* dir2] [stp6a] {step6a’ ] 
if ( fhstp2*/dir2] {stp3a] [step3a’] 
if [/fhstp2*/dir2] {stp4a] [step4a!’ ] 


while [stp6a] 

if [ fhstp2* dir2] {[stp8a] {step8a’ ] 
if [/fhstp2* dir2] (stp7a] [step7a’ ] 
if { fhstp2*/dir2] [stp4a]} [step4a’] 
if (/fhstp2*/dir2] [stp5a] [step5a’ ] 


while [stp7a] 

if [ fhstp2* dir2] {stpla] (stepla’ ] 
if [(/fhstp2* dir2]} [stp8a] [step8a’ ] 
if [ fhstp2*/dir2] {stp5a] {step5a’ ] 
if [/fhstp2*/dir2] [stp6a] {step6a’] 


while [stp8a] 

if [ fhstp2* dir2) [stp2a] with [step2a’ ] 
if (/fhstp2* dir2] {stpla] with [stepla’] 
if ([ fhstp2*/dir2] {[stp6a] with [step6a’] 
if [/fhstp2*/dir2] [stp7a] with [step7a’] 


Figure 19.c State Equation Entry File (end) 
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PLC42VA12 DMA APPLICATIONS that can generate addresses or count nibbles, | same problem are presented in this section to 


The PLC42VA12 contains 10 flip-flops that bytes, half-words or words. Applications for illustrate solving the problem with Signetics 
may flexibly be configured to build counters, these controllers include I/O concentration AMAZE 1.9 or SNAP design software. 
shifters or any customized state machine and cache subsystem updating. Typically, Although these tools are similar, their 
required. With today's 32-bit micro- these devices can be preset or cleared and approach and syntax are distinct. The 
processors, there is a need for user- count (up) by 1, 2, or 4 depending on the AMAZE design files are presented in 
designed, system-specific DMA controllers chosen circumstances. Two solutions for the Figure 20 and the SNAP files in Figure 21. 


@DEVICE TYPE 
PLC42VA12 
@DRAWING 
@REVISION 
@DATE 
@SYMBOL 
@COMPANY 
@NAME 
@DESCRIPTION 
@PINLIST 


<--REFERENCE-->” 
“PINLABEL PIN # PIN FCT PIN_ID OE_CTRL” 
CLK CLK I0/CLK i oe 
MODEO 11 
MODE1 I2 
RST 13 
LOAD 14 
N/C I5 
N/C 16 
N/C 17 
N/C I8 
N/C BO 
co Bl 
GND GND 
/OE /OE/19 
OUTA MO EMO DMO; 
OUTB M1 EA DM1; 
OUTC M2 EA DM2; 
OUTD M3 EA DM3; 
OUTE M4 EA DM4; 
OUTF MS EB DM5; 
OUTG M6 EB DM6; 
OUTH M7 EB DM7; 
OUTI M8 EB DM8; 
OUTJ M9 EM9 DM9; 
vec vec -— @F 


H 


OnNHHHHHHH 
w 


° 
< 


, 
’ 
, 
. 
’ 
, 
. 
, 
. 
. 
, 
, 
. 
, 
. 
, 
: 
, 
, 


“SH 
w 
Q 





Figure 20.a Amaze Design Files 
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@INTERNAL FLIP FLOP LABELS “Label declared for FF labels.” 
“PO Pl P2 P3 P4 PS P6 P7T P8 P9” 
N/C N/C N/C N/C N/C N/C N/C N/C N/C N/C 
@REGISTER LOAD “ LA, LB, LMO, LM9 ” 
LA = LOAD; 
LB = LOAD; 
LmO = LOAD; 
Lm9 = LOAD; 
@COMMON PRODUCT TERM “CPT label = (expression)” 
@COMPLEMENT ARRAY “/C = /(---);” 
@I/O DIRECTION “ DO,D1, DMO..DM9 ” 
@INTERNAL CLOCKS “CKO .. DK9 = EXPRESSION;” 
@FLIP FLOP CONTROL “ FC = --~ ; ” 
FC=1; 
@ASYNCHRONOUS PRESET/RESET “PA, PB, PMO, PM9, RMO..RM9” 
pm0=rst; pm9=rst; “preset registers to force pin LOW” 
pa=rst; pb=rst; 
@FLIP FLOP MODE “ MO .. MN ” 


@LOGIC EQUATION 
“model mode0 function 

0 0 count by 1 

0 1 count by 2 

1 0 count by 4 

1 1 illegal 

wn” 

1*/load*/mode0*/model “load disables P-terms” 
mode0*/load “force 0 for count by 2” 
model*/load; “or count by 4” 
1*/load*/mode0*/model; 
outa*/load*/mode0*/model 
1*/model*mode0*/load 
model*/mode0*/load; “force 0 for count by four” 
outa*/load*/mode0*/model 
1*/model*mode0*/ load; 
outa*outb*/load*/mode0*/model 
outh*/model*mode0*/ load 
1*mode1l*/mode0*/load; 
outa*outb*outc*/load*/mode0*/model “count by 1” 
outb*outc*/model*mode0*/load “count by 2” 
outc*model*/mode0*/load; “count by 4” 
outa*outb*outc*outd*/load*/mode0*/model 
outb*outc*outd*/model*mode0*/load 
outc*outd*model*/mode0*/ load; 
outa*outb*outc*outd*oute*/load*/mode0*/model 
outb*outc*outd*oute*/model*mode0*/load 
outc*outd*oute*model*/mode0*/load; 
outa*outb*outc*outd*oute*out f*/load*/mode0*/model 
outb*outc*outd*oute*out f*/model*mode0*/load 
outc*outd*oute*out f *model*/mode0*/load; 
outa*outb*outc*outd*oute*out f*outg*/load*/mode0*/model 
outb*outc*outd*oute*out f *outg*/model *mode0*/load 
outc*outd*oute*out f*outg*model*/mode0*/1load; 
outa*outb*outc*outd*oute*out f*outg*outh*/load*/mode0*/model 
outb*outc*outd*oute*out f*outg*outh*/model*mode0*/ load 
outc*outd*oute*out f*outg*outh*model*/mode0*/load; 
outa*outb*outc*outd*oute*out f*outg*outh*outi*/load*/mode0*/model 
outb*outc*outd*oute*out f*outg*outh*outi*/model*mode0*/load 
outc*outd*oute*out f*outg*outh*outi*model*/mode0*/ load; 
outa*outb*outc*outd*oute*out f*outg*outh*outi*out j*/load*/mod0*/model 
outb*outc*outd*oute*out f*outg*outh*outi*out j*/model *mode0*/load 
outc*outd*oute*out f*outg*outh*outi*out j*model*/mode0*/load; 


lt + + I 


+ 
+ 
+ 
+ 
+ 
+ 
+ 


+e itt +t +e lh +++ t+ d+ 4+in 


+ + 


Figure 20.b AMAZE Design Files (Continued) 
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@PINLIST 
CLK I ;MODEO I ;MODE1 I;RST I;LOAD I;CO O;TOE I; 
OUTA O;OUTB O;OUTC O;OUTD B;OUTE B;OUTF B;OUTG G;OUTH B;OUTI B;OUTJ B; 


@Logic Equations 
“model mode0 function 

0 0 count by 1 

0 1 count by 2 

1 0 count by 4 

iL 1 illegal 
1*/load*/mode0*/model “load disables P-terms” 
+ mode0*/load “force 0 for count by 2” 
+ model*/load XOUTA; “or count by 4” 
1*/load*/mode0*/model YOUTA; “XOUTA, YOUTA are outputs of ” 

“tristate inputs ” 

outa*/load*/mode0*/model 
+ 1*/model*mode0*/load 
+ model*/mode0*/load + XOUTB; “force 0 count by four” 
outa*/load*/mode0*/model 
+ model*/mode0*/load + YOUTB; 


outa*outb/load*/mode0*/model 
+ outb*/model*mode0*/1load; 
DOUTC + XOUTC; 

= DOUTC + YOUTC; 


outa*outb*outc*/load*/mode0*model “count by 1” 
+ outb*outc*/model *mode0*/load “count by 2” 
+ outc*model*/mode0*/ load; “count by 4” 

= DOUTD + XOUTD; 

= DOUTD + YOUTD; 


outa*outb*outc*outd*/load*/mode0*/model 
+ outb*outc*outd*/model*mode0*/load 
+ outc*outd*model*/mode0*/load; 
DOUTE + XOUTE; 
DOUTE + YOUTE; 


outa*outb*outc*outd*oute*/load*/mode0*model 
+ outb*outc*outd*oute*/model*mode0*/load 
+ outc*outd*oute*model */mode0*/load; 
DOUTF + XOUTF; 

= DOUTF + YOUTF; 


outa*outb*outc*outd*oute*out f*/load*/mode0*/model 
+ outb*outc*outd*oute*out f*/model *mode0*/ load 
+ outc*outd*oute*out f*model*/mode0*/load; 
DOUTG + XOUTG; 
DOUTG + YOUTG; 


outa*outb*outc*outd*oute*out f*outg*/load*/mode0*/model 
+ outb*outc*outd*oute*out f*outg*/model*mode0*/load; 
+ outc*outd*oute*out f*outg*model*/mode0*/load; 
DOUTH + XOUTH; 
DOUTH + YOUTH; 


outa*outb*outc*outd*oute*out f *outg*outh*/load*/mode0*/model 
+ outb*outc*outd*oute*outf*outg*outh*/model*mode0*/load 
+ outc*outd*oute*out f*outg*outh*model*/mode0*/load; 
DOUTI + XOUTI; 
DOUTI + YOUTI; 


outa*outb*outc*outd*oute*out f*outg*outh*outi*/load*/mode0*/model 
+ outb*outc*outd*oute*out f*outg*outh*outi*/model *mode0*/load 
+ outc*coutd*oute*out f*outg*outh*out i *model*/mode0*/ load; 
QOUTJ.J = DOUTJ + XOUTJ; 
QOUTJ.K = DOUTJ + YOUTJ; 





Figure 21.a SNAP Files 
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CO = outa*outh*outc*outd*oute*out f*outg*outh*outi*out j*/load*/mode0*/model 
+ outb*outc*outd*oute*out f*outg*outh*outi*out j*/model *mode0*/load 
+ outc*outd*oute*out f*outg*outh*out i*out j*model*/mode0*/load; 


“ Reset for all flip-flops ” 
QOUTA.RST = RST; 
QOUTB.RST = RST; 
QOUTC.RST = RST; 
QOUTD.RST = RST; 
QOUTE.RST = RST; 
QOUTF.RST = RST; 
QOUTG.RST = RST; 
QOUTH.RST = RST; 
QOUTI.RST RST; 
QOUTI.RST RST; 


“ Flip-flops are followed by tristate outputs which drive the pin ” 
OUTA = /QOUTA; 
OUTB = /QOUTB; 
OUuUTC /QOUTC; 
OUTD /QOUTD; 
OUTE /QOUTE; 
OUTF /QOUTF; 
OUTG /QOUTG; 
OUTH /QOUTH; 
OUTI /QOUTI; 
OUTJ = /QOUTJ; 
OUTA. = TOE; 
OUTB. = TOE; 
ouTc. TOE; 
OUTD. = TOE; 
OUTE. = TOE; 
OUTF. TOE; 
OUTG. TOE; 
OUTH. TOE; 
OUTI. = TOE; 
OUTJ. TOE; 





Figure 21.b SNAP Files (Continued) 
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“Pins are fed back to flip-flops using tristate inputs (FF load)” 
XOUTA = /OUTA; “feed.back to J is inverted” 
YOUTA = OUTA; “feed-back to K IS NOT inverted” 
XOUTB /OUTB; 
YOUTB OUTB; 
xOUTC /OUTC; 
YoutTc OUTC; 
XOUTD /OUTD; 
YOUTD OUTD; 
XOUTE /OUTE; 
YOUTE OUTE; 
XOUTF /OUTF; 
YOUTF OUTF; 
XOUTG /OUTG; 
YOUTG OUTG; 
XOUTH /OUTH; 
YOUTH OUTH; 
XOUTI /OUTI; 
YOUTI OUTI; 
XOUTJ = /OUTJ; 
YOUTJ = OUTJ; 
XOUTA.LD = LOAD; 
XOUTB.LD = LOAD; 
XOUTC.LD LOAD; 
XOUTD.LD = LOAD; 
XOUTE.LD LOAD; 
XOUTF.LD = LOAD; 
XOUTG.LD = LOAD; 
XOUTH.LD = LOAD; 
XOUTI.LD = LOAD; 
XOUTJ.LD = LOAD; 
YOUTA.LD = LOAD; 
YOUTB.LD = LOAD; 
YOUTC.LD = LOAD; 
YOUTD.LD = LOAD; 
YOUTE.LD LOAD; 
YOUTF.LD LOAD; 
YOUTG.LD = LOAD; 
YOUTH.LD LOAD; 
. YOUTI.LD = LOAD; 
YOUTJ.LD = LOAD; 


Figure 21.c SNAP Files (End) 
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INTRODUCTION 

Arecent Philips Components—Signetics 
Application Note described how to 
perform microprocessor “High Speed 
Address Decode”. This document 
focused on the use of Philips 
Components-—Signetics D-speed PLS 
devices and 7.5 nanosecond PAL®-type 
devices to drive the chip-selects, output 
enables, read and write strobes for static 
RAM, dynamic RAM, EPROM and IO in 
a microprocessor system. In the 
meantime, microprocessors got faster 
and so did memories. Several 
customers had requested faster parts, 
but when Philips Components—Signetics 
new product definition engineers 
examined the customer designs, it was 
noted that the logical OR function was 
seldom used. In fact the OR had 
become a time bottleneck for their 
system throughput. With this in mind, 
Philips Components—Signetics 
resurrected an older architecture on a 
blazing fast high-speed bipolar process 
and began a new family of parts called 
the Programmable High-Speed 
Decoders (PHD). 


The current offering consists of the 
20-pin PHD16N8 and the 68-pin 
PHD48N22. Figure 1 tells 90% of the 
story. As shown, the PHD16N8-5 
delivers a decoded output in less than 5 
nanoseconds. The PHD48N22-7 has 
two basic delay path times—one delay 
at 6.5 nanoseconds, and one delay at 


Programmable High-Speed 
Decoders (PHD) 
Application Note 


7.0 nanoseconds. Remember, this is the 
worst-case maximum time delay for the 
PHD16N8 with the output delivering 
24mA of Io,. 


It may be noted that the PHD16N8-5 
contains no OR function at all. It is 
targeted to help designers milk the 
maximum performance from high-speed 
cache systems and get full performance 
at the best system cost. If an OR-type 
function is needed, outputs may be 
wire-ANDed generating a composite 
“AND-OR-INVERT” function similar to 
the 16L8-type part. This requires an 
external pull-up resistor and will incur an 
“RC” time delay speed penalty. It should 
also be noted that the PHD16N8-5 is 
pin-compatible to the TIBPAD part, but 
is much faster. 


The PHD48N22-7, on the other hand, 
has enough inputs and outputs to form 
the complete system decode needs of a 
whole microprocessor system. This 
includes the I/O as well as the memory 
space, in general. The PHD48N22-7 
does include four sites of programmable 
array logic where three OR patches 
accommodate 7 product terms and one 
patch handles 12 product terms. These 
were intended to handle such 
microprocessor pins as the wait line or 
interrupt lines where sums of products 
might be needed. Other uses are 
possible. 


@PAL isa registered trademark of Monolithic Memories, Inc., a wholly-owned subsidiary of Advanced Micro Devices, Inc. © 


TMSPARC is a trademark of Sun Microsystems. 
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In either part, bidirectionals can be 
configured as outputs or inputs to select 
more devices or resolve more address 
inputs. It is interesting to note that the 
PHD48N22 device can resolve a single 
byte address from a 4 gigabyte address 
space and distinguish memory from I/O 
and distinguish input from output data 
directions. There is no need for fractured 
memory / I/O spaces with big gaps. 
RISC design can cleanly have 
embedded cache in the middle of DRAM 
or EPROM space with registers 
sprinkled throughout as needed. 


To maintain full performance while 
driving a memory array, the current drive 
has been maintained at Io, = 24mA. 
However, there is a restriction in that full 
speed is guaranteed for a single output 
asserted at atime. This is due more to 
the way things are specified and 
measured than anything else. As more 
outputs are driven Low (at full rated 
current), the ground pins must 
accommodate the Low-going output 
current which results in possible ground 
rise. This affects the apparent speed of 
the part as measured, so derating of the 
speed must be done with additional 
loading. The derating curves for the 
PHD16N8 and PHD48N22 are shown in 
Figure 2. 


The complete logic diagrams for the 
PHD16N8-5 and PHD48N22-7 are 
shown in Figure 3 and Figure 4. 
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(b) The PHD48N22-7 Architecture 





Figure 1. The Current PHD Family 
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PROPAGATION DELAY - ns 


TEST CONDITIONS: Tamb = 75°C; 
Voc = 4.75V; Cy = 50pF; 
Ry = 2002; Ro = 3902 


PHD16N8-5 Propagation Delay Values 
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= OR Outputs TEST CONDITIONS: Tam = 75°C; 


@ = B80 Outputs Voc «= 4.75V; Cy = 50pF; 


Ry = 2002; Ro = 3902 


PHD48N22-7 Propagation Delay Values 





Figure 2. Propagation Delay vs. Number of Outputs Switching 
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NOTES: 
1. All unprogrammed or virgin “AND” gate locations are puiled to logic “0” 
2 fe Programmable connections 





Figure 3. PHD16N8—5 Logic Diagram 
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1. All unprogrammed or virgin “AND” gate locations are pulled to logic “0” 


NOTES: 
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SUPPORT logic equation and compilation is the net 29B (Version 11), the Unisite (Version 2.8), 
The PHD family is targeted for support on development support required, inthe AMAZE —_and the Model 60 (Version 15). Support on 
Philips Components—Signetics AMAZE and environment. the STAG ZL30A (Version 36) is also 


SNAP products. Currently, the PHD16N8-5 is programming support changes very rapid! available. Current support for the 

supported on AMAZE 1.8 and higher, andthe ac tno procsede client Se atee oe PHD48N227 is onthe Strebor Low Cost 
PHD48N22-7 supported on AMAZE 1.9. PHD16N8-5 includes the Data I/O Model ROOta neh, PUR eer Ma eCurers Mweye 
SNAP support will occur at a later date. qualified soon. 

Because of the architectural simplicity, basic 
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Figure 5. 33MHz SPARC System 
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Table 1. 






PHD vs. PAL COST ANALYSIS 

The PHD16N8 is an ideal device when 
interfacing high-speed microprocessors to 
memory. Figure 5 is a diagram showing a 
33MHz SPARC™ processor, an address 
decoder, and 128K bytes of memory. The 
goal of this circuit is to develop a system that 
has Zero wait states and analyze the 
trade-offs between using 7.5ns 16L8s and the 
PHD16N8-5. 


In order to have zero wait states, the access 
time of the RAMs plus the decoder must be 
less than 31ns. With a 5ns PHD16N8, 25ns 
static RAMs can be used. With a 7.5ns 16L8 
PAL, you must use RAMs with a maximum 
access time of 22.5ns. This means that the 
designer must use either 15ns or 20ns 
RAMs. Cypress Semiconductor makes 64Kx1 
static RAMs that have speeds of 20ns and 
25ns. We will use these devices in our 
analysis. 


We will need 64 static RAMs to implementa - 


128K-byte memory using 64Kx1 devices. 
Using the PHD16N8 and 25ns static RAMs, 
we obtain an approximate cost of $576. If we 
were to use a 7.5ns 16L8 and 20ns static 
RAMs, we would obtain an approximate cost 
of $1,216. This shows that one can save . 
$640 by using the PHD16N8. This is a 
considerable cost savings and in many cases 
can give designers a substantial edge over 
those competitors who use the PAL solution. 
A summary of these results is shown in 
Table 1. 
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Cost Savings of PHD16N8—5 


tenes es CS 


It should be noted that this system is quite 
simple, but easily illustrates the potential 
value of the PHD16N8. If one wanted more 
margin in one's design, the cost differential 
would be much greater. As systems approach 
40MHz, the 16L8 designs will be forced into 
using 15ns static RAMs to have zero wait 
states. The PHD16N8 can probably stay with 
20ns RAMs. This will make the savings in the 
cost of RAM in the thousands of dollars. This 
savings might even buy the processor! 


68030 ADDRESS DECODING 
Philips Components-Signetics PHD48N22 
decoder is not only very high speed but also 
has a very wide input structure. This 
combination allows high-performance 
systems to be constructed in a minimal space 
without sacrificing decoding resolution. The 
following example demonstrates the use of 
the PHD48N22 as well as the PHD16N8 ina 
33MHz 68030 system. 


This example uses one each 48N22 and 
16N8 PHD decoders to interface together a 
33MHz 68030 processor, 33MHz 68882 
Floating-Point Coprocessor, 128K bytes of 
35ns static RAM, 64K bytes of 200ns 
EPROM and a SCN2692 Dual port UART. 
Additional logic required amounts to only one 


- 16-pin and one 24-pin device! 


The schematic is shown in Figure 6 with 
AMAZE listings of the PHD devices in 
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RAM COST 






Figures 7 and 8. As can be seen from the 
schematic, the PHD48N22 handles all of the 
RAM, PROM and DUART decoding. Notice © 
the number of 68030 address lines input into 
the 48N22: A31 through A8 and A1 and AO. 
Depending upon the application, the 48N22 
can decode down to the byte level in 6.5ns! 
The PHD16N8 decodes an early chip-select 
signal for the 33MHz 68882 FPCP in less that 
the required 5ns. 


Accesses to the RAM produce an immediate 
acknowledge (DSACK) from the 48N22 to the 
68030, allowing it to run full speed in 
asynchronous mode. Since the EPROM and 
DUART operate at a much slower speed than 
the 68030, two additional devices, a 74F 191 
counter and a 74F646 transceiver/register 
were used in this example. If either the 
EPROM or DUART are accessed, the 
counter will count CPU clock cycles and 
delay the 48N22's assertion of a DSACK 
signal. The ‘F646 is used to quickly 3-State 
signals from the EPROM and DUART. Also, 
in conjunction with the counter and 48N22, a 
read of a DUART register first causes 


- information to be read into a register of the 


‘F646 which is then read by the 68030 while 
the DUART’s output is disabled. This was 
done since a DUART specification (tawp) 
requires 200ns between reads or writes. 
Therefore, accesses to the DUART are 
controlled by the counter, 48N22, and 'F646. 
Software restrictions are not required. 


0661 Areniqe- 


19 
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PPL 0302D1D0 
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Figure 6. Schematic 
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@DEVICE TYPE 
PHD48N22 
@DRAWING 
@REVISION 
@DATE 
@SYMBOL 
@COMPANY 
@NAME 
@DESCRIPTION 
33MHz 68030 system deocder example 
@PINLIST 


<--REFERENCE-->” 
“PINLABEL PIN # PIN FCT PIN_ID OE_CTRL” 
AO r 10 S35 
Al Tl 
/AS I2 
vec3 vcc3 
Q3 I3 
TC r4 
CLK I5 
A8 I6é 
A9 I7 
Al10 I8 
All 19 
Al2 110 
Al3 T11 
GNDS GNDS 
GND1 GND1 
Al4 112 
ALS 113 
Al6 114 
Al? T15 
Al18 
vcc2 
Al19 
A20 
A2l 
A22 
A23 
A24 
A25 
A26 
A27 
A28 
GND3 
A293 
A30 
A31 
FCO 
Fcl 
vec4 
FC2 
SIz0 
SI2l 
RW 
N/C BO 
/OE Bl 
/CPU B2 
N/C B3 
/SAB B4 
GND6 GND6 
GND2 GND2 
/ASN B5 D5 
/WUUB B6é D6 
/CEN B7 D? 


H 


55 


BB 


Re Ne Ne Se Ne Ne Me 


‘e 


z HHAHHRHHRHRAR DARROW 
= 
w 


HHH ND OH OH HW HW 
= 
a 


Figure 7. PHD48N22-7 AMAZE Listing (begins) 
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/BEN 53 /O0 00 OEO 
/RDN 54 /O ol OE1 
vecl 55 PWR vccl - 

/WRN 56 /O 02 OE2 
/DSACKOa 57 /0 03 OE3 
/DSACKOb 58 /0 04 OB4 
/DSACKOc 59 /O 05 OES 
/DSACK1 60 /0 06 OE6 
/BERR 61 /0 o7 OE7 
/AVEC 62 /0 08 OE8 
/CLKN 63 /0 09 OE9 
/CTEN 64 /B ORO Doo 
/WUMB 65 /B OR1 DOL 
GND4 66 PWR GND4 - 3 
/WLMB 67 /B OR2 DOo2 
/WLLB 68 /B OR3 DO3 


’ 


Se Ne Ne Ne Se Me Me Me Me Ne 


Me 


Ty 


@ COMMON PRODUCT TERM “CPT label = <expression>;” 


“RAM, PROM, and USART address definitions” 

PROMADR = /A31*/A30*/A29*/A28*/A27*/A26*/A25*/A24*/A23*/A22*/A21*/A20* 
/A18*/A18*/A17*/A16; 

RAMADDR /A31*/A30* /A29*/A28* /A27* /A26*/A25*/A24*/A23* /A22*/A21*/A20* 
/A18*/A18*/A17; 

UARTADR //A31*/A30*/A29*/A28* /A27*/A26*/A25*/A24*/A23*/A22*/A21*/A20* 
/A18*/A18*/A17*A16*/A15*/A14*/A13*/A12*/A11*/A10*/A9*/A8; 

UORPROM /A31*/A30*/A29*/A28* /A27*/A26*/A25*/A24*/A23*/A22*/A21*/A20* 
/A18*/A18*/A17; 

ASD AS * ASN; “eliminate hazard ANDing AS with /CPU” 


@I/O DIRECTION ™“ DO .. D7, 


OE0 .. O£9, DOO .. DO3 ” 


Dl=1; D2=1; D4=1; D5=1; D6=1; DT7=1; 


DOO=1; DO1=1; DO2=1; DO3=1; 


“enables for DSACKO 
OE3= PROMADR*/CPU*ASD*Q3 ; 
OE4= UARTADR*/CPU*ASD*TC ; 
OES= RAMADDR*/CPU*ASD ; 
OE6= RAMADDR*/CPU*ASD ; 


@LOGIC EQUATION 


/ASN = /{(AS); “delay AS” 


and DSACK1 

“acknowledge PROM 8 bits” 
“acknowledge USART 8 bits” 
“acknowledge RAM 32 bits” 
“acknowledge RAM 32 bits” 


“these outputs are controlled by OE3, OE4, OE5, OE6” 
/DSACKOa = / (PROMADR*/CPU*ASD*Q3); “drive high before 3-state” 
/DSACKOb = / (UARTADR*/CPU*ASD*TC) ; 

/DSACKOc / (RAMADDR*/CPU*ASD) ; 
/DSACK1 = / (RAMADDR*/CPU*ASD) ; 


“CPU address space decoding” 


/CPU) = /(FCO*FC1*FC2) ; 


/AVEC = / (FCO*FC1*FCO*A19*A18*A17*A16); “interrupt ack forces autovector” 


“RAM output enable” 
/OE / (RAMADDR*/CPU*RW) ; 


February 1990 


“enable all RAM outputs upon read” 


Figure 7. PHD48N22-7 AMAZE Listing (continued) 
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/CEN = 
/RDN 
/WRN 
/BEN 
/SAB = 


/CTEN = 


/CLKN = 
/BERR = 
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“RAM write strobes” 

/ (RAMADDR* /RW*A1*A0*/CPU*ASD “directly addressed, any size” 

+ RAMADDR*/RW*A0*SIZ1*SIZ0*/CPU*ASD “odd alignment, three byte size” 

+ RAMADDR*/RW*/SIZ1*/SIZ0*/CPU*ASD “any RAM address, long word size” 

+ RAMADDR*/RW*A1*SIZ1*/CPU*ASD) ; “word aligned, word or 3 byte size” 


/ (RAMADDR*/RW*A1*/AQ*/CPU*ASD “directly addressed, any size” 

+ RAMADDR*/RW*/A1*/SIZ1*/SIZ0*/CPU*ASD “word aligned, long word size” 
+ RAMADDR*/RW*/A1*SIZ1*STZ0*/CPU*ASD “word aligned, three byte size” 

+ RAMADDR*/RW*/A1*A0*SIZO*/CPU*ASD) ; “word aligned, word or long word” 


/ (RAMADDR*/RW*/A1*A0*/CPU*ASD “directly addressed, any size” 
+ RAMADDR*/RW*/A1*/SIZ0*/CPU*ASD “word aligned, byte or 3 byte size” 
+ RAMADDR*/RW*/A1*SIZ1*/CPU*ASD) ; “word aligned, word or long word” 


/ (RAMADDR*/RW*/A1*/A0*/CPU*ASD) ; “directly addressed, any size” 


“DUART and PROM address decoding” 
/ (UARTADR* /CPU*ASD) ; “this signal is also /CIIN” 
/ (UARTADR*/CPU*ASD*/Q3*RW) ; 
/ (UARTADR*/CPU*ASD*/Q3*/RW) ; 
/ (UORPROM*/CPU*ASD) 7 “enable F646 for USART or PROM” 
/ (PROMADR*/CPU*ASD*RW) ; “F646 transparent for PROM, registered for USART” 


/ (UARTADR* /CPU*ASD*/TC “hold count upon TC for USART or” 
+ PROMADR*/CPU*ASD*/Q3) ; “Q3 for PROM access” 


/ (CLK*AS) ; “clock for F191” 
/ (/CEN* /WUUB* / WUMB* /WLMB* /WLLB* /OE*/CPU*/SAB*ASD); “/BERR if no access” 


Figure 7. PHD48N22~-7 AMAZE Listing (end) 


617 


Philips Components—Signetics Programmable Logic Devices Application Note 





Programmable high-speed decoders (PHD) 


@DEVICE TYPE 
PHD16N8 
@DRAWING 
@REVISION 
@DATE 
@SYMBOL 
@COMPANY 
@NAME 
@DESCRIPTION 
33MHz 68030/68882 /CS decode example 
@PINLIST 


<--REFERENCE-->” 
“PINLABEL PIN # PIN FCT PIN_ID OE_CTRL” 
FC2 1 10 - ; 
Fcl I1 
FCO 12 
Al9 13 
A18 14 
Al7 15 
Al6 16 
A15 17 
Al14 9 I8 
GND 10 GND 
Al3 11 19 
/CS 12 /O 00 
N/C 13 /B Bl 
N/C 14 /B B2 
N/C 15 /B B3 
N/c 16 /B B4 
N/C 17 /B B5 
N/C 18 /B B6 
N/C 19 /O 07 
vec 20 +5V vec : 


Ne Se Ne Me Me Ne Ne Ne Me Ne 8 


Ne Ne Se Se Ne Ne Ne Me 


@COMMON PRODUCT TERM “CPT label = (expression)” 
CPU = FC2 * FCl * FCO; “cpu space” 
COPROCESSOR =/A19 */A18 * Al7 */A16; “coprocessor communications” 
CP_ID =/A1S5 */A14 * Al13; “cp-id one” 
@OUTPUT ENABLE “ EA, EB ” 
Li; 


@I/O DIRECTION “ 
@LOGIC EQUATION 


/CS = /(CPU * COPROCESSOR * CP_ID); 


Figure 8. PHD16N8-5 AMAZE Listing 
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By Bob Kelly, Senior Field 
Applications Engineer, 
Philips Components-Signetics 


Engineers are excited to discover the 
PLUS405-55, a PLD state machine IC 
rated for a maximum operating 
frequency of 55MHz. It has a flexible 
architecture offering 65 product terms, 
and a programmable OR array driving 
16 S-R flip-flops, 8 of which are buried 
(see Figure 1.). This design allows the 
64 product terms to realize 64 state 
transitions in a general state machine 
implementations. (State machines 
based on a counter will be implemented 
much more efficiently.) In order to 
estimate if a particular state machine will 
fit in the PLUS405, one need only count 
the state transitions and assure that 
there are fewer than 65! There are the 
remaining issues of number of states, 
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Minimize metastability 
in 50MHz state machines 


inputs and outputs. The PLUS405 has 8 
buried registers, allowing representation 
of 256 unique states. A dual 
complement array is available for the 
“ELSE” condition of state equations, and 
along with dual clocking capabilities 
allows two independent state machines 
to be synthesized on one IC. 


Ease of design is further enhanced by 
AMAZE, the PC-based PLD 
development tool. AMAZE supports 
Boolean and State Equation entry of the 
design, simulation, and downloading cf 
the programming information to a 
programmer. A more powerful deisgn 
tool that supports the PLUS405 and the 
Programmable Macro Logic Family is 
SNAP 1.4. SNAP allows an abstract 
approach to design with PLDs, as the 
target device is not specified by the 
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engineer until he is done fully integrating 
and simulating his efforts. After device 
selection, SNAP can back-annotate the 
design files with target silicon 
characteristics, allowing simulation of 
the actual device. SNAP is old with or 
without a schematic capture package 
and AMAZE is distributed at no cost 
after a registration form has been filled 
out. 


The Engineer sets out to solve all his 
high speed state machine design 
problems armed with this new silicon 
and software, only to discover all this 
performance has its price. Studying the 
data sheet on the PLUS405-55 shows 
the following performance: 


55.6MHz minimum 
10ns minimum 
Ons minimum 


faaxt 
Input Setup time 


Input Hold time 
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Figure 1. PLUS405-55 Functional Diagram 
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The cycle time at S5MHz is roughly 18.2 
nsec. The window during which data must be 
stable to guarantee no metastability is 10 
nsec long. The difference between the setup 
and hold time, and the cycle time, is the 
allowed time interval for changes to occur. 
this example leaves 8.2ns for any changes. 


From a system standpoint, this means the 

design engineer must be extremely careful in 

implementing his system, or he will violate 

the setup and hold specifications of the 

PLUS405-—55. This can lead to metastable 

conditions in the state machine with several 

negative effects: 

1. Jumps to undefined states. (May hang up 
system!) : 

2. Lengthened clock to Q times (slows 
down). 


w@ 


Jumps to states out of proper sequence. 
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All of the above problems will yield a system 
thatis unreliable, unpredictable and 
expensive in terms of servicing elusive bugs 
in the field. 


The preceding analysis said nothing 
regarding asynchronicity. It is feasible to 
design the above system in a fully 
synchronous manner and have acceptable 
results. What about the system where known 
asynchronous inputs will be used in the state 
machine? Exampies of common 
asynchronous signals are refresh request in 
DRAM controller applications and interrupts 
in a real-time control system. One approach 
to managing asynchronous inputs is to 
precede the state machine with a D-type 
flip-flop. This can serve as a synchronizing 
stage .. . or can it??? A simple analysis will 
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explore the feasibility of using a simple 
synchronizing flip-flop. 


Acommon Dual-D flip-flop frequently 
selected for this application in TTL 
high-performance systems is the FAST 
74F74. The asynchronous data is fed into the 
D input of the flip-flop, and the Q output is fed 
into the logic input of the PLUS405 state 
machine. A common clock is used for both 
parts (see Figure 2.). Based on current 
published data sheets, the 74F74 has a 
clock-to-Q time of 9.2ns maximum. The worst 
case setup time on the PLUS405-55 is 10ns. 
The minimum cycle time of the combined 
system is (9.2 + 10) ns, yielding a maximum 
clock frequency of 52MHZz. Let's assume for 
this example a desired system clock is 
S50MHz. 
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Figure 2. 
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The important issue to examine in the timing 
diagram is the time that elapses between the 
end of the 74F74 clock-to-Q interval and the 
beginning of the PLUS405's setup time (see 


To in seconds, the ero intercept of © 
aperture time versus propagation 
delay. TO indicates the propensity 
of a device to enter the metastable 


Clearly, this level of failure in any system is 
unacceptable. A better solution for this class 
of problem must be found! 


Signetics has recently introduced a new 


Figure 3.). This is 20ns minus 10ns minus state. farrily Of parts dedlgned wih metastability 
9.2ns, which equals .8ns! At SOMHz, this . : Ces 

combination is just able to work reliably ona ‘f is the clock speed, in Hertz. renee pie Hee Maly onda h ele 
worst case basis, assuming no instances of a is the transition rate of data being S Eeeooe a Sirois ee = ; 
metastability. If metastable operationis sampled (i.e., edges per second) cecclisat cenaiabnue it these Gal 
encountered, the 800 picosecond window is in Hertz. g purpose Iilp-lops, 


the only time left in the clock cycle to resolve 
the situation. The next issue to examine is 
the mean time between failures (MTBF) for 
this system. From the work of Mr. Chaney, an 
equation which models metastable behavior 
is: 


EQUATION 1. MTBF = exp(tt/t)/ (TO * f* a) 


{Explanation of above symbols} 


Assume for this discussion that the 
asynchronous input data is roughly 2MHz, 
meaning the edges that can cause 
metastability occur at a 4MHz rate. The 
system clock is assumed to be 50MHz, and 
the elapsed time before sampling is 10ns. 
(The sample time is calculated from the 
difference between the cycle time (1/SOMHz 
= 20ns) and the setup time of the 


special attention has been paid to short setup 
and hold times, and fast clock-to-Q times. 
The output stage has also been designed 
with a balanced drive characteristic, leading 
to tight matching between rise and fall 
propagation delays, and matching of skews 
between other outputs. this makes them 
useful in clock driver applications also. Let's 
repeat the former calculation using the 
measured t and TO values for the 74F5074 


MTBF is mean time between failures, PLUS405-55 (10ns). The other parameters used as a synchronizer (see Figure 4.) ahead 
in seconds. can be determined from measurements of an Of the PLUS405-55. 

7 is the elapsed time before sampling 'F74, or can be found in Mr. Chaney's paper. = __ 1355 
the process t was found to be .4ns and TO .2 To =9.8E6& seconds 

or milliseconds. Armed with a calculator and 

the time allotted for metastability to | Equation #1, the MTBF for this particular MTBF = exp(10/.135) / (9.8e6 * 50e6 * 4e6) = 
resolve. scenario is calculated: 75.46 e9 seconds 

t is the “Metastability Time MTBF = exp(10/.4) / (.2e-3* 50e6 * 4e6) = NOTE: For the reader's reference, a century 
Constant”. 1.8 seconds 


is 3.154 e9 seconds. 
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Figure 3. Timing Diagram of 74F74 and PLUS405-—55 
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74F5074 Driving PLUS405-55 


Figure 4. 
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A system that was unreliable is now found to 
be quite acceptable by using the 74F5074. 
The major drawback to the synchronizing 
flip-flop solution is the added delay on the 
asynchronous signal before it enters the state 
machine. In the case of the 74F5074, this will 
amount to one clock cycle delay. For designs 
that demand the maximum in freedom from 
metastability, Signetics has developed a 
product with cascaded D flip-flops for 
synchronizing applications. The 74F50728 
(see Figure 5.) will therefore introduce a two 
clock cycle delay into the system. Itis pin 
compatible with the 74F5074 and 74F74 to 
allow retrofits on existing systems. 


Calculation for the MTBF of a system using 
the 74F50728 is similar to the technique used 
earlier. In this case though, at least one entire 
clock cycle is used to resolve any 
metastability. 
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Figure 5. Internal Diagram of 74F50728 (1/2) 


EQUATION 2. MTBF = exp(tr/t) / (TO * f * a) 
{Explanation of above symbols} 


All symbols are the same as EQUATION 1 
with the exception of tr. 


ww is the elapsed time before sampling 
the process or the time allotted for 
metastability to resolve. In the case 
of 74F50728, one entire clock 
cycle. 


The flip-flops embedded in the 'F50728 are 
essentially the same as the flip-flops used for 
the ’F5074, therefore the same “Metastability 
Time Constant” t, and TO, can be used in the 
calculation. 


MTBF = exp(20/.135)/ (9.8e6 * 50e6 * 4e6) = 
1.12 e43 seconds! 
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Now that the designer is comfortable with 
handling metastability, it is feasible to begin 
approaching the design of the system by 
stating a goal for MTBF and adjusting the 
state machine's clock to meet the desired 
failure level. 


Let’s assume out system is to have an MTBF 
of § years from metastability induced 
anomalies. The calculations would proceed 
as follows, assuming the same 2MHz data 
rate from our previous example: 


MTBF = 5 years * (31.54 e6 seconds/year) = 
157.7 e6 seconds 


Setting up the equation to find the roots 

yields: 

EQUATION 3. T(setup)/— 1/(f* t) + 
1n(TO*a*MTBF"f) = 0 


(T(setup) is the setup time on the PLUS405) 
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Equation 3 is not solved using algebra, but 
simple numerical methods will allow easy 
solution, especially since we have a good 
initial guess for the value of f. (50 to 55MHz!) 
AnHP 32S calculator was used to find the 
root of this equation by the following program: 


COMMENTS 
PRGM Start program entry 
GTO.. go to top of memory 


B01 LBL/RTN {LBL} B label program as B 


BO2 INPUT A a, Data rate, Edges/Sec. 

BOo3 INPUT F Clock frequency, Hertz 

BO4 INPUT J t, seconds 

BO5 INPUT M MTBF, seconds 

BOs INPUT T TO, seconds 

BO7 INPUT U T(setup), seconds ; 
BOs RCL A begin calculation of in argument 
Boo =RCLx TT | 

B10 RCL x M 

B11 RCL x F 

B12 LN 

B13 RCL F 

B14 RCL x J 

Bid 1x 

B16 +/— change sign 

B17 + add 

B18 RCL 

B19 RCL + J . divide 

B20 + . 4 

B21 LBURTN {RTN} end, return from routine 
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To execute this program we must use the 
SOLVE capability on the calculator. 


SOLVE {FN} FN= Prompt for label of function 
B 

50E6 STO F load initial guess SOMHz 
SOLVE {SOLVE}. SOLVE prompt for unknown variable 
F frequency in this case! 

A? 4.0E6 set edge rate 

R/S ; run 

J? 135 E-12 sett 

AS 

M? 157.7E6 set MTBF 

R/S 

T? 9.8E6 set TO 

R/S 

U? 10.E-9 setup time 

R/S 


At this point the calculator will set off to find 
the root based on the initial guess and the 
desired conditions entered. The system clock 
speed determined from this technique is 
52.16MHz. 


Designers who are forced to deal with an 
uncertain system for the first time are 
uncomfortable with the idea that is is possible 
for the system to fail. Lower speed systems 
have been traditionally designed using worst 
case data sheet numbers to guarantee that 


the system will always work. As system clock 
speeds cross over 50MHz, meeting the setup 
and hold times becomes very difficult for 
TTL-based designs. The allowed time to 
resolve metastability gets shorter and the 
data stream edges become much more 
frequent, increasing the incidence of 
metastability. Faster systems demand that a 
design methodology based on statistics be 
used and the burden is now on the Engineer 
to manage likelihood of failure to acceptable 


levels. Persons defining high performance 
systems will need to specify goals for MTBF 
due to metastability. Usage of parts that have 
been characterized for metastability behavior 
will become mandatory in future systems. 
New parts, such as the 74F5074 and 
74F50728 from Signetics, which have 
published metastable traits and are pin 
compatible with other industry standard ICs, 
can make solving these problems as easy as 
plugging in a new part! 
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INTRODUCTION 

In multiprocessor environments there is 
considerable savings to be made through 
sharing system resources. If each processor 
must support its own bus structure, I/O 
devices, and bulk storage medium, system 
cost could be very high. In the configuration 
shown in Figure 1, all processors share a 
common communication bus, and a number 
of system resources. 


Since every processor must use the common 
system bus to communicate with its 
peripherals, a priority structure that resolves 
simultaneaus processor bus requests into a 
single bus grant must be integrated into the 
system. In addition to making request-grant 
transactions, transient bus contention due to 
grant switching must be removed by inserting 
precise guard band times between bus 
grants. 


Philips Components—Signetics' 
Programmable Logic Sequencer provides a 
convenient and cost effective means for 
implementing a synchronous arbiter to 
perform these tasks within a single chip. 
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Single chip multiprocessor arbiter 


ARBITER STRUCTURE 

Within a multiprocessor system, two general 
classes of processors can be recognized: 
Priority A and Priority b. Priority A processors 
have the highest request priority and must 
only compete with other Priority A processors 
for bus control. The arbiter must issue “A” 
grants in a manner that prevents any high 
priority “A” processor from locking out 
another Priority A processor. To enable this, 
the Priority A rules implemented here use a 
Last Granted Lowest Priority (LGLP) ring 
structure. After an “A" processor has 
completed a bus-related task, its next 
arbitrated request priority will be lowest in the 
“A” request group. The previously second 
highest priority “A” processor will then 
become highest priority requester. The net 
effect of the “round robin” exchange is that 
every Priority A processor will have a tum at 
being highest priority processor. Priority A 
processors are typically ones that perform 
real-time operations or vital system tasks. 


SYSTEM ARBITER 
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Figure 1. Multiprocessor Structure 


628 


— 
linea eo a — 


i 


Priority b processors are lower in priority than 
the “A's” and may only be granted system 
control when no “A* requests are pending. “b” 
processors usually perform background 
tasks. Within the Priority b group, further 
priority ordering exists such that each “b” 
processor has a fixed priority position. 


Plumber', Pearce?, and Hojberg? present 
asynchronous techniques of arbiter 
implementation. These methods all have 
hard-wired priority rules and imprecise guard 
band times during grant switching. As pointed 
out by Hojberg, a synchronous state machine 
can be configured as a Mealy-type controller 
to provide not only precise guard band times 
and programmable priority rules, but also 
programmable inpuVoutput polarity. The state 
machine in Figure 2 is made from a control 
PROM array and an edge-triggered latch. 
The “A” and “b" requests and the machine’s 
present state are used by the control PROM 
to determine the next “A” and “b” grants and 
the next state. 


CHANNEL B 
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SYSTEM OPERATION 

Two machine states can be identified by 
inspection: a wait state and a grant state. The 
state machine enters a grant state as a 
response to a system request on either Ry or 
ty. The machine will remain in this state with 
a single grant line asserted as long as the 
request remains asserted. Upon releasing the 
request line, the machine will pass through a 
single wait state before considering other 
pending requests. This provides a single 
state guard band time. The requests received 
must meet the set-up requirement of the 
edge-triggered latch after propagating 
through the control PROM. If these time 
considerations do not fit within a given 
multiprocessor structure, an input latch may 
be added such that the Ry and ry lines are 
clocked through the latch by the system 
clock, thereby removing asynchronous set-up 
time considerations. On the basis of a state 
machine approach, two techniques of 
implementation are feasible: 1) using an 
architecturally advanced single IC controller, 
the PLS, and, 2) a traditional PROM/LATCH 
configuration. ; 
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a. A and b service requests (Ry, ty) plus the present state determine, through the 
control PROM, the next state and the next grant outputs (Gy, gy). 


pigeon TS Ie Tea 


b. Requests Ro, R;, ro, and r; are asserted low in the same clock sample period. The 
priority rules that determine the order In which the grants are Issued and the shaded 
guard-band areas are programmed into the control PROM. Note that the A and b 
request lines and the present state Input to the PROM must have a set-up time equal 
or greater than the latch set-up time plus the PROM access time. 





Figure 2. Arbiter Constructed from a Mealy-Type State Machine 
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PLS ARBITER IMPLEMENTATION 
A five Priority “A” and three Priority “b” arbiter 
will be constructed such that all grant outputs 
will be asserted low for grants and all request 
inputs will be asserted low for system 
requests. 


Brief PLS Description 

The PLS block diagram shown in Figure 3(a) 
consists of a control PLA and 14 clocked S/R 
flip-flops. The control PLA is actually an 
AND-OR logic array that functions as a 
Content Addressable PROM. The PLA is 
organized as 48 words of 28 bits with 16 
external input lines, and six internal inputs fed 
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OUTPUT TERM 


ee 


(1) denotes positive clock transition. 
S$ =R = 155 an illegal input condition. 


c. Transition Table of Clocked S/R Flip-Flop 


Figure 3 





back from the State Register. The 28 PLA 
outputs drive the S/R inputs of the six-bit 
State Register and eight-bit Output Register. 
Note that the state feedback path is made 
inside the PLS. 


In and present state inputs, Ps, represent 222 
possible input codes; 48 of these codes may 
be mapped in the PLA to provide a 14 bit 
register control word. As shown in Figure 3(b) 
each input code may be specified by 
assigning to the variables either Low “L”, High 
“H’, or Don’t Care "—” logic states. If any input 
code falls logically outside the programmed 
codes, the PLA asserts a Low on all its 28 
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internal outputs, thereby issuing a “no 
change” command to the R/S flip-flops. 


This is an important architectural feature 
because it requires that only state or output 
transition terms be programmed. Looping 
terms that change neither state nor output 
need not be programmed in the PLS, owing 
to the functional characteristics of S/R 
flip-flops tabulated in Figure 3(c). An example 
of this is shown in Figure 4. 


The S/R inputs of both state and output 
registers are specified by using PLA outputs 
(‘AND” functions of request inputs and 
present state) in the program table of 
Figure 3(c). 
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The corresponding next state of each bit will 
be set to 0 for “L”, 1 for “H", and No Change 
for “-". The PLS's PR/OE line may be 
assigned either Asynchronous Preset or 
Output Enable functions, via a user 
programmable option. 


The entire function is integrated into a single 
28-pin package designated as PLUS105. 


State Algorithm 

Figure 5(a) displays the circular state form 
and all possible state transitions of the LGLP 
priority structure. Hex states 3F, 3E, 3D, 3C, 
and 3B are arbiter wait states Woy. In these 
states, processor “A” and “b" requests are 
monitored. Figure 5(b) illustrates a typical 
grant to processor A; in hex state 07. As long 
as A, asserts its request line low, the next 
state will be 07;¢ and the next output will 
remain with G; asserted low and all the other 
grant outputs asserted high. Since no change 
in state or grant output results from this 
transition, no PLA resources are required. 


As soon as processor A, retums its request 
line, Rj, to 1, a state transition is made to 3D, 
and an output transition is made to set all 
grant outputs to 1. Since processor A; was 
the last to be granted system resources, it will 
now have the lowest A level request priority 
(LGLP). In wait state Wa, the highest priority 
processor will be Az, second A3, third Ay, and 
fourth Ap. To maintain the LGLP rule, grant 
transitions must follow the state rule 

Gn > Wat), and wait states, Wy, must set 
their “A” priorities so that processor Ay is 
highest priority. Priority decreases as one 
proceeds clockwise around the state ring to 
the lowest priority processor, Aqn-1). 


When no “A” requests are pending, “b” 
requests may be granted. To avoid upsetting 
the LGLP priority rule, a “b” grant must leave 
and return to the same wait state. Since the 
“b” priority structure is the same regardless of 
the wait state, only a single set of “b” 
transition terms are required. 
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NOTE: 
TNFR = Inputs/outputs. 


The PLS requires that only two out of the three transition terms be programmed. 





Figure 4. PLS State and Output Transitions 


For example, a grant transition to go (Hex 
20-25) can be issued only if there are no “A”, 
“Do”, or “b,” requests pending. Given the 
binary wait state code 111XXX, where “X's” 
represent Don't Cares, a request code of 
01111111 will transfer the arbiter to the grant 
state go from any of the wait states, Wo_4. 


It is important to realize that in making this 
transition, the lower 3-State bits will not be 
changed—they provide the wait state return 
address. When ro returns high, 1XXXXXXX, a 
transition back to the previously exited wait 
state is made by forcing a “1” in the three 
most significant state bits and leaving the 
lower 3-State bits unchanged. 


All output and state bits are initially preset to 
“1” through the use of the optional preset 
function. Grant output lines are only forced 
low when transitions are made to grant states 
and are returned to “1” when jumping back to 
a wait state. 


Table 1 provides the complete arbiter 
program. The complete arbiter circuit diagram 
is shown in Figure 6. The AMAZE equations 
are shown in Figure 7. 
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PROM/LATCH IMPLEMENTATION 
The same five “A” processor and three “b” 
processor arbiter can be implemented with 
discrete PROM's and Latches using the 
same state diagrams for the PLS, except that 


" now looping transition terms must be 


programmed. Coding of all state and output 
transitions requires programming of two 
memory fields: the “A” request PROM's 
(2KX6) and the “b” request PROM (64 x 3). 
The complete circuit diagram is shown in 
Figure 6(b). 


The “A” request PROM's determine the next 
machine state (No_s) atall times, except 
when there are no “A” requests pending and 
there is a “b” request, or if the machine is 
presently in:a “b” grant state. In these cases, 
the “b” request PROM controls the machine's 
next state. 


The grant control lines are decoded from the 
next state lines and latched in two quad 
output latches. This PROM/LATCH 
organization is conceptually the same as that 
shown in Figure 2. 
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TYPICAL TRANSITION TERM 
7211 To Rq Rg Ro Ry Ro 


b. 


Figure 5. Arbiter State Transition Diagram 
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Figure 6. Arbiter Circuit Diagram Summary 
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@DEVICE SELECTION 
ARBITERB/PLUS105 
@STATE VECTORS 

{ FFS, FF4, FF3, FF2, 
WO = O3Fh ; 

Wl = O3Eh ; 

W2 = 03Dh ; 

W3 = 03Ch ; 

W4 = 0O3Bh ; 

wo4 = 111---b 

GAO O6h ; 

GAl = 07h ; 

GA2 = OEh ; 

GA3 OFh ; 

GA4 = 16h ; 

GBO = 101--~b 

GBl 110---b 

GB2 = 100---b 


@INPUT VECTORS 
@OUTPUT VECTORS 
{OB2, OB1, OBO, OA4, OA3, OA2, OA1, OAQ] 
QAO’ = FEh ; 
QAl’ FDh 

QA2’ = FBh 

QA3’ = F7h 

QA4' = EFh ; 
QBO’ = DFh ; 
QOB1’ = BFh ; 
QB2’ = 7Fh ; 
NOGRANT’ = FFh ; 


@TRANSITIONS 
WHILE [WO] 
CASE 
[/RAO] :: [GAO] WITH [QA0*] 
(/RA1 RAOJ :: [GAl] WITH [QA1‘] 
[/RA2 * RA1 * RAO] :: [GA2] WITH [QA2’] 
{/RA3 RA2 * RAl * RAO) :: [GA3] WITH [QA3‘] 
[/RA4 RA3 * RA2 * RAl * RAO) :: [GA4] WITH [QA4‘] 
ENDCASE 


WHILE [W1] 
CASE 
(/RAl1] :: [GA1] WITH [QA1’] 
{/RA2 RA1] :: [(GA2] WITH {QA2’} 
{/RA3 * RA2 * RAl} :: [GA3] WITH [QA3‘] 
[/RA4 RA3 * RA2 * RA1) :: [GA4] WITH [QA4’] 
{/RAO RA4 * RA3 * RA2 * RA] :: {GAQ] WITH [QA0’] 
ENCASE 


a. Arbiter State Equations 





Figure 7 
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WHILE [W2] 
CASE 
[/RA2] :: [GA2] WITH (QA2*] 
{/RA3 * RA2] :: [GA3] WITH [QA3’] 
[/RA4 RA3 * RA2] :: [GA4]} WITH [QA4’] 
[/RAO * RA4 * RA3 * RA2] :: [GAO] WITH [QA0’] 
[/RAl * RAO * RA4 * RA3 * RA2) :: [GA1] WITH [QA1"] 
ENDCASE 


WHILE [W3] 
CASE 
[/RA3} :: [GA3] WITH [QA3"] 
[/RA4 RA3] :: [GA4] WITH [QA4’] 
(/RAO RA4 * RA3] :: [GAO] WITH [QA0’} 
{[/RAL RAO * RA4 * RA3] :: [GA1] WITH [QA1'} 
(/RA2 RA1 * RAO * RA4 * RA3] :: [GA2] WITH [QA2’] 
ENDCASE 


WHILE [W4] 
CASE 
[/RA4] :: [GA4] WITH [QA4°] 
(/RAO * RA4] :: [GAO] WITH [QA0’] 
[/RAl * RAO * RA4] :: [GAl] WITH [QA1'] 
[/RA2 * RAl * RAO * RA4] :: [GA2] WITH [QA2°] 
{/RA3 * RA2 * RAl * RAl * RA4] :: [GA3] WITH [QA3"] 
ENDCASE 


WHILE [Ww04] 
CASE 
[/RBO * * RAZ * RA2 * RA1 * RAO] :: [GBO] WITH [QB0'] 
(/RB1 * RA4 * RA3 * RA2 * RA1 * RAO) :: [GB1] WITH [QB1’] 
{/RB2 * * RBO * RA4 * RA3 * RA2 * RA1 * RAO] :: [GB2] WITH [0B2’] 
ENDCASE 


WHILE [GA0} 
IF [RAQ] THEN [Wl] WITH [NOGRANT’ } 


WHILE [GA1]} 
IF [RA1] THEN [W2] WITH [NOGRANT® } 


WHILE [GA2] 
IF [RA2] THEN [W3] WITH {NOGRANT’ ] 


WHILE [GA3] 
IF [RA3] THEN [W4] WITH [NOGRANT’ ] 


WHILE (GA4]} 
IF [RA4] THEN [WO] WITH [NOGRANT’] 


WHILE [GBO] 
IF [RBO] THEN [GB1l] WITH [NOGRANT’] 


WHILE [(GB1] 
IF (RB1] THEN {GB2] WITH [NOGRANT’ ] 


WHILE [GB2] 
IF [RB2} THEN [GBO] WITH [NOGRANT! ] 


a. Arbiter State Equations (Continued) 


Figure 7 (Continued) 
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LABEL 
CLOCK 
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RBO 
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@DEVICE TYPE 
PLUS105 
@DRAWING 


kk kkk kkk ek 


@REVISION 
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@DATE 
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@SYMBOL 
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@COMPANY 
FOI I Ik aC 


@NAME 

FO III 
@DESCRIPTION 
@INTERNAL SR 
FFO FF1 FF2 


@COMMON PROD 


@COMP LEMENT 
@LOGIC EQUAT 
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b. Arbiter Pin List 


KKK KEKE ARBITERB KKK KKK KKK KKK AK K KKK 


MULTI-PROCESSOR BUS ARBITOR 
ARBITERB REV. 0 

JULY 26, 1985 

ARBITERB 

SIGNETICS 

DAVID K. WONG 


FLIP FLOP LABELS 
FF3 FF4 FFS 


UCT TERM 


ARRAY 
ION 


c. Arbiter Boolean Equations 





Figure 7 (Continued) 
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Table 2. Arbiter Program Table 
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1594321098765 4321 0!5 4321 0!5 43 21 0!7 6543210! 


O!A!- ~ - -,- - - -,- - - -,- - - L!IH H,H HH H!L L,L HH L!H HH 4H,H HH L! 


1!IA!- - - -,- - - -,- - - -,- ~ L H!H H,H HH H!L L,L HH H!H HH H,H HL #H! 
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S!A!- - - -,- - - -,- - - -,- - L -!H H,H HH L!IL L,L HH H!H HH H,H HL H! 


6!A!- - - -,- - - -,- - - -,- LH -!H H,H HH LIL L,H HH L!IH HHH,H LH #! 
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18!A!- - - -,- - - -,- - - H,H - L H!H H,H HL L!IL L,L 4H H!H HH 4H,H HL #} 
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23!A!- - - -,- - - -,- - - H,- LH H!H H,H LH H!L L,H HH L!IH HH4H,H LH H! 
24!Al- - - -,- - - -,- -~ - H,L HH -!H H,H LH H!L L,H HH H!H HH 4H,L HH #! 


25!A!- - - -,- - - -,- - L H,H H H H!H H,H - - -!H L,H - - -!H HL H,H HHH! 
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27!A!- - - -,- - - -,L HH H,H HH H!H H,H - - -!H L,L - - -!L HH H,H HH #H! 
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291A!- - - -,- - - -,- - - -,- - H-!LL,L HH H!IH H,H HL H!IS HH H,H HHH! 
30!A!- - -~ -,- - - -,- - - -,- H - -!L L,H H H L!H H,H HL L!IH H H4H,H HH H! 
31IA!- - - -,- - - -,- - - -,H - - -!LL,H HH H!IH H,H LA HIH HH H,H HSH! 
32!A!- - - -,- - - -,- - - H,- - - -!LH,L HH L!H H,H HH HIN HH H,H HH #! 
33!A!- - - -,- - - -,- - H-,- - - -!H L,H - - -!H H,L - - -!H HH H,H HH #! 


34!Al- - - -,- - - -,- H- -,- - - -!H H,L - - -!H L,L - - -!H HH H,H HH #! 


35!A!-~ - - -,- - - -,H - - -,- - - -!H L,L - - -!H L,H - - -!H HH H,H HH HB! 


36!0!0 0 00,0000,0 00 0,0 0 0 0!0 0,0 0 0 0!0 0,0 00 01000 0,000 0! 


37!0!0 000,000 0,0 00 0,0 0 0 0!0 0,0 0 0 0!0 0,000 0!10000,000 0! 


38!0!0 0 00,0 0 00,0 00 0,0 0 0 0!0 0,0 0 0 0!0 0,000 0!000 0,000 0! 


3910!0 0 0 0,0 0 00,0 000,00 0 0!0 0,0 0 0 010 0,000 010 000,000 0! 


40!0!0 000,000 0,0 000,00 0 0!0 0,0 00 0!0 0,000 0!000 0,000 0! 


41!0!0 0 00,000 0,0 000,00 0 0!0 0,0 0 0 0!0 0,0 00 0!10 000,000 0! 


42!10!0 0 00,0 0 00,0 00 0,0 0 0 0!0 0,0 0 0 0!0 0,0 0 0 0!0 000,000 0! 


43!0!0 0 0:0 


000 0} 


000 0!0 000, 


7-9 00 0,0 0 0 0!0 0,0 0 0 0!0 0, 


0000 


’ 


4410!0 000,000 0,0 00 0,0 0 0 0!0 0,0 0 0 0!0 0,0 0 0 01000 0,000 0! 


45!0!0 000,000 0,0 000,00 0 0!0 0,0 00 0!0 0,000 0!0000,0000! 


46!0!0 000,00 00,0 000,00 0 0!0 0,0 00 0!0 0,000 0!0000,0 000! 


47!10!0 0 00,0 00 0,0 000,00 0 0!0 0,0 0 0 0!0 0,000 0!10000,0 00 0! 


NNNNNNNNRRRRRRRRFFFFFFFFFFFFOOOOOOOO 


////////BBBAAAAAFFFFFFFFFFFFBBBAAAAA 
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Table 3. Design Alternatives for the Priority Arbiter 


PARAMETER 


Parts count 


PCB space 


Power 
Voltage 


SUMMARY 

As can be seen from the circuit diagrams, the 
PLS can offer significant advantages over 
discrete MSI arrays in the design of state 
machines. The tradeoff in both design 
altematives for the Priority Arbiter is shown in 
Table 2. Clearly, the PLS approach uses 
fewer parts, with savings in PC board space 
and power requirements. 
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FEATURES 

® Programmable pulse-width/delay 

© Maximum 256 clock cycles 

® Asynchronous TRIGGER input 

® Active-High and Active-Low outputs 
® Asynchronous RESET 

® 20-pin package 


THEORY OF OPERATION 

The one-shot consists of an PLS PLS159A 
and an extemal clock which may be part of 
the system in which this one-shot is to work. 
As shown in Figure 1 and Table 1 the PLS is 
configured to have a latch and an eight-bit 
binary up counter which is presettable by 
input data to any number less than 256. 


SYSTEM CLK 
RESET 


November 1986 


Application Note 
Date of Issue | November 1986 
Co 
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PLD programmable retriggerable 


one-shot 


Since the input data is inverted before it is 
loaded into the registers, counting from the 
complements of the input to FF will give the 
correct number of counts as counting from 
the input down to 00. 


Pulse-width/delay inputs may be the outputs 
of another device or switches. When /RESET 
goes Low, flip-flops are set to all 1's (terms 
PB and PA). At the rising edge of the next 
clock, data is latched into the registers (terms 
LB and LA). When /TRIG goes Low, it is 
latched into the input latch formed by term # 
0, 1, 2. and 13. The output O; of the latch 
goes High and O2 goes Low which enables 
the 8-bit counting cycle. The O, and /O, will 
maintain their output levels until the end of 
the counting cycle at which time the counter 
reaches the count FF, resets the latch by 
term # 13, and sets O2 High. At the rising 
edge of the next clock, terms LA andLB 
cause data to be loaded again into the 
registers, and the device is ready for another 
/TRIG input. The output waveforms are 
illustrated in Figure 2. 


Figure 1. Programmable Retriggerable One-Shot 
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If the /TRIG pulse-width is longer than the 
desired pulse-width of the one-shot, the 
device will react as mentioned above, and at 
the end of the count cycle new data will be 
loaded, another count cycle begins while the 
outputs remain set by the /TRIG input without 
changing throughout the change-over of one 
count cycle to another. O;,, on the other 
hand, will go Low for one clock period at the 
change-over. As long as the /TRIG is Low, 
Oj, will continue to pulse Low for one clock 
period at the change-over of one count cycle 
to another. The output O2 will pulse High for 
one clock cycle at the change-over. Figure 2 
illustrates output wave-forms for both cases. 
The output wave-forms are as illustrated in 
Figure 2. 


The one-shot is implemented by 
programming the PLS159A as shown in 
Table 1. The logic representation of the 
program is shown in Figure 3. 
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PLS159A PLS Program Table 


This one-shot will load data at the end of the count cycle. If TRIG pulse-width is longer than the count cycle, output B3 will go Low for one clock period and go High again for another 


count cycle. Outputs Bo and Bo stay Low and High respectively until TRIG goes High and count cycle is completed without interruption. 


COMMENTS: 





Table 1. 
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PLS159A Programmable One-Shot 


Figure 2. Timing Diagram of Programmable Retriggerable One-Shot 
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DESCRIPTION 

Using the simple AND, OR and INVERT logic 
functions of the PLS153, memory functions 
such as latches and edge-triggered flip-flops 
may be implemented with a relatively small 
part of the chip and without external wiring. In 
this application note, we will discuss the 
implementation of two R-S latches, a D-latch, 
an edge-triggered R-S flip-flop, and an 
edge-triggered D flip-flop. 


INTRODUCTION TO PLS153 

To implement this function, let's first take a 
look at the PLS153 logic diagram and its 
programming table as shown in Appendices 
A and B. On the left side of the logic diagram 
(Appendix A) are eight dedicated inputs, Io to 
Iz, each of which has a true anda 
complement output. Each output is 
connected to the inputs of 32 AND functions 
(we will call them AND-terms from now on), 
the outputs of which are, in tum, connected to 
the inputs of ten OR functions. The output of 
each OR function is connected to one input of 
an Exclusive-OR function, which is in turn 
connected to a non-inverting output buffer. 
The function of the XOR is to control the 
output polarity. The output, in its virgin state, 
is non-inverting, since one side of the XOR is 
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connected to ground by the fuse X,, where 
n=0, 1, 3...9. To have the output inverted, one 
needs only to blow fuse X, open so that the 
X, input is unconditionally High. The output 
buffers are all 3-State buffers which may be 
enabled or disabled by their corresponding 
AND gates. The output buffers are disabled in 
their virgin state. All pins labeled “B” are 
bidirectional. Input buffers of the “B” pins are 
identical to those of the "I pins. 


The programming table shown in Appendix B 
emulates a truth table. All the inputs to the 
device are positioned on the left side, and all 
the outputs are on the right side. Each row in 
the table corresponds to an 18-input 
AND-term with up to ten outputs. On the left 
side, or the input side of the table, each 
column represents an input. The 18 columns 
represent input buffers Ip to I7, Bo to Bg. To 
distinguish between inputs and outputs of the 
bidirectional pin, B(I) is used for input and 
B(O) is used for outputs as shown in the 
programming table. On the right side of the 
table, each column represents an output 
circuit (B(O)p9.9) which consists of an OR 
gate, an XOR, and a non-inverting 3-State 
buffer. The output buffers are controlled by 
AND-terms Do to Dg, the inputs of which may 
be connected to any number of the 18 inputs. 
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The polarity of the outputs is defined by the 
POLARITY entries which are on the upper 
right corner of the programming table. 


To program the inputs to the AND-terms, an 
“H” will cause the fuse of the inverting input 
buffer to be blown, leaving the non-inverting 
buffer connected to the AND-term; an “L’ will 
do the opposite. A “—” will cause both fuses to 
be blown, and therefore the programmed 
input is a “Don't care”. A “0”, the virgin state 
of the device, has both fuses intact, which 
causes the output of the AND-term to be 
unconditionally Low. 


To program the outputs, a “.” causes the fuse 
that connects the output of AND-term to the 
input of an OR to be blown and thus renders 
the output inactive. An “A” causes the fuse to 
remain intact and thus the output is active. 


The output polarity of each output buffer may 
be programmed by entering an “H” or an “L” 
in the POLARITY section. An “L” causes the 
XOR to blow its grounding fuse and become 
inverted, whereas an “H" leaves the fuse 
intact and the output is non-inverted. 


To AND several inputs, we put them in a row; 
to OR several inputs, we put them in different 
rows, as shown in illustrations in Appendix B. 
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SIMPLE R-S LATCH 

A simple R-S latch may be formed by 
cross-coupling two NAND functions together 
as shown in Figure 1. 


As an illustration, let's assign the input R to Ip 
of the PLS 153, input S to 1;, output Q to Bo, 
and output @ to B,. As shown in Table 1, to 
form the NAND gates we need to program 
the POLARITY Low on B(O)g and B(O);. To 
unconditionally enable the output buffers, we Figure 1. RS Latch 
“dash” out all inputs to Dp and Dj. As for the 
inputs, we put an “H” on Io, term-O for the 
input R, non-inverted; another *H" on B(I)1, 
term-0 for the feedback from Q. In the same 
manner, we program Ij, term-1 and B(O)g 
“H”. The POLARITY, rows 0, 1, Dg and D,, 
forms a “truth table” with which one can 
analyze his own or someone else's design. 
The program in Table 1 may be illustrated as 
shown in Figure 2. 





Figure 2. RS Latch 
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PLS153/153A Programming Table 


Table 1. 
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ANOTHER SIMPLE R-S LATCH 
Another way to implement a simple latch is 
shown in Figure 3, in which two NOR = 
functions are cross-coupled to form a latch. 


As with the previous example, we first define 
the input and output pins. For this example, 
we use Ip for the R input, I3 for the S input, Bo 
for the Q output, and By for the @ output. We 
program Boa and Bs to have inverted outputs 
by programming POLARITY of Bz and Bs Figure 3. RS Latch 
Low, as shown in Table 2. Terms 6 and 7 are 
ORed together by B(O)s, rows 6 and 7. In the . 
same manner B(O)3 ORs Terms 8 and 9. The 
programmed table of this design may be 
represented as shown in Figure 4. 


Since each AND-term of the PLS153 can 
accommodate up to 18 inputs (true or 
inverting inputs of eight from Ip to l7 and ten 
from Bp to Bg), and each OR circuit can be 
connected to up to thirty-two AND-terms, we 
can add additional features such as those 
shown in Figure 5. 


The programming of this design is left to the 
reader as an exercise. 





Figure 4. RS Latch 


Figure 5. RS Latch 
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D-LATCH 
A simple D-latch can be constructed with a 
PLS153 as shown in Figure 6. 


This circuit may be easily programmed into 
the PLS153 as shown in Table 3. The 
program may, in turn, be represented as 
shown in Figure 7. 


This circuit may be expanded to have 
multiple D-latches using the same latch 
enable (LE). 


Figure 7. D-Latch 


Figure 6. D Latch 





R-S FLIP-FLOP 

Two R-S latches may be combined to form a 
master-save flip-flop that is triggered at the: 
rising-edge of the clock (or the falling-edge of 
the clock, if the designer so desires). Figure 8 
shows a combination of two sets of cross- 
coupled NOR gates concatenated to form the 
flip-flop. The implementation of this circuit 
using PLS153 is as illustrated in Table 4 and Figure 8. RS Flip-Flop 
Figure 9. 





| |e 


Figure 9. RS Flip-Flop 
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Latches and flip-flops with PLS153 | , AN14 
D FLIP-FLOP An PLS153 may be programmed as shown in 
An edge-triggered master-slave D flip-flop Figure 11 to implement the D flip-flop which is 
may be constructed with two D-latches in the  @quivalent to the circuit shown in Table 5 in 
manner shown in Figure 10. the PLS153 logic representation. 


Figure 10. D Flip-Flop 





Figure 11. D Flip-Flop 
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APPENDIX C 


R-S LATCH (Cross-Coupled NOR) R-S LATCH (Cross-Coupled NAND) 
See Figures 3 and 4 and Table 2 See Figures 1 and 2 and Table 1 


R Pin3 


SPin4 


Q Pin 12 QPin9 


G Pin 13 GPin 11 


Typical set-up time = Ons 
Typical hold time = 0 - 5ns 


D-LATCH Typlcal propagation delay = 20ns 


See Figures 6 and 7 and Table 3 


D Pin6é 
LE Pin 7 


QPin14 


EDGE-TRIGGERED R-S Flip-Flop EDGE-TRIGGERED D Flip-Flop 
See Figures 8 and 9 and Table 4 See Figures 10 and 11 and Table 5 


R Pin1 


~SPin2 
CLOCK Pin 5 


CLOCK Pin 3 


Q Pin 15 
Q Pin 13 


NOTE: Timing requirements/performances are the NOTE: Timing requirements/performances are the 
same as the R-S latches. same as the D latch. 





Figure C-1. Timing Photos 
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Programmable Logic Devices 


INTRODUCTION 

The PLS159A is a programmable Jogic 
sequencer which consists of four dedicated 
inputs, four bidirectional I/O's, eight flip-flops, 
thirty two 16-input AND gates, twenty 
32-input OR gates, and a complement array. 
Each flip-flop has a bidirectional I/O and may 
be individually programmed as J-K or D 
flip-flop, or switch between the two types 
dynamically. The flip-flops will accept data 
from the internal logic array or from the 
bidirectional I/O, or they may be set or reset 
asynchronously from the AND array. The 
output polarity of the four bidirectional I/O's 
are programmable and the direction is 
controlled by the AND array. Figure 1 is the 
logic diagram of PLS159A. 


PROGRAMMING THE PLS159A 
The programming table is shown in Table 1 
where there is a place for everything that is 


June 1988 





AN15 
PLS159A primer 


shown in Figure 1. The program table is 
basically divided into two main sections. The 
left hand side of the table, section A, 
represents the input side of the AND gates, 
while the right hand side, section B, 
represents the OR gates sections which 
includes the flip-flops and the combinatorial 
outputs B(0) to B(3). The flip-flops modes are 
defined in section C and the output polarities 
of the combinatorial outputs are defined in 
section E. The programming symbols are 
detailed.in Figure 2. 


As shown in Table 1, the programming table 
is very similar to a truth table. Each column in 
section A represents an input to the 32 AND 
gates, and each row represents an AND gate 
connecting to 17 inputs. Columns lp to I3 
represent the 4 dedicated inputs, Ig to I3. 
Columns B(I)p to B(I)3 represent the inputs of 
the 4 bidirectional I/O, Bp to Bz. Columns 
Q(P)p to Q(P)7 represent the feedback, Fo to 
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F7, from the flip-flops (the present state). 
Column *C” represents the complement array. 


As shown in Figure 1, the outputs of the AND 
gates are connected to an array of OR gates 
which, in turn, are connected to either 
flip-flops or output circuits. Columns Q(N)p to 
Q(N)7 represent the next state which the 
flip-flops will be in. Columns B(O)o to B(O)3 
represent the combinatorial outputs Bo to Ba. 


Each row represents an AND gate with 17 
inputs each of which may be true and/or 
complement and is, therefore, a perfect 
decoder. Referring to the programming 
symbols in Figure 2, to implement the 
equation 


Z=A*B*C*D, 


all one has to do is to enter one line as 
shown in Table 2, term-0. 
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Figure 1. PLS Logic Diagram 
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The PLS can be programmed by means of — With Logic programming, the 


Logic Programming equipment. 


(7, Fo, UPR, Din 
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AND/OR-EX-OR input connections 
necessary to implement the desired logic 
function are coded directly from the State 
Diagram using the Program Tables on the 
following pages. 


AN15 


__ In these Tables, the logic state or action of 


all /O, control, and state variables is 
assigned a symbol which results in the 
proper fusing pattern of corresponding 
links defined as follows: 


(T, Fo, LP, R, Diy 


[sare | c00F | 
sowreane | 


J-K ORD 
(CONTROLLED) 


Ty Status | CODE | Tastatus | CODE | 
ACTIVE (Set) i a | INACTIVE (Reset) | 3 | 


“OR” ARRAY —(Qy = D-Type) 


Figure 2 
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“OE” ARRAY — (E) 


NOTES: 
. This ts the initial unprogrammed state of all link pairs. It is normally associated with all unused (inactive) AND gates. 
. Any gate (T, Fc, L, P, R, D), will be unconditionally inhibited if any one of the |, B, or Q link pairs is left intact. 
. To prevent oscillations, this state is not allowed for C link pairs coupled to active gates T,, Fe. 
. E, =Oand E, = are logically equivalent states, since both cause F, outputs to be unconditionally enabled. 
. These states are not allowed for control gates (L, P, R, D), due to their lack of “OR” array links. 


Figure 2 (cont.) 
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Notice that only Io to Iz on the left hand side 
and B(O), on the right hand side have entries 
to implement the equation. All unused 
columns are dashed out or dotted out. 


To implement the equation 
Y=/A*B*/C, 


enter one line as shown in Table 2, term-2 
where the entry “H" represents the 
non-inverting input buffer while the entry “L” 
represents the inverting buffer. To have the 
AND gate to be unconditionally “High”, dash 
out all the inputs of that particular AND gate 
as shown in Table 2, term-4. The virgin 
condition of the device, as shipped from the 
factory, has all connections intact, which 
means that the inverting and the 
non-inverting buffers of the same inputs are 
connected together. Such connection will 
cause the AND gate to be unconditionally 
“Low” as shown in Table 2, terms 6 and 7. 
The unconditional High and Low states are 
normally useful only internally and seldom 
brought out to the output pins. 


To implement the equation 
WeA * /B+C * /D, 


enter one line for A * /B and another line for 
C * /D as shown in Table 2, terms 9 and 10. 
Use one line to AND something together; use 
different lines to OR something together — 
one line per item to be OR’ed. 


All the pins which are labelled B's are 
bidirectional I/O pins. Their input buffers are 
represented by the B(1) columns on the left 
hand side of the programming table. An “H” 
entry represents the non-inverting buffer and 
an “L” entry represents the inverting buffer. 
Their output buffers are represented by the 
B(O) columns on the right hand side of the 
table. An “A” entry means that the output is 
active (connected to the AND gates); a *.” 


October 1990 


entry means that the output is inactive (not 
connected). The outputs may be programmed 
to be inverting or noninverting. The polarity of 
each output is determined by its exclusive 
OR gate (Figure 1 and Figure 2). ‘To have a 
non-inverting output, enter an “H” in the 
section labelled “POLARITY” (Table 1, 
Section E). To have an inverting output, enter 
an “L". For example, Table 3, terms -0 and -2 
implement the equation 


Z=(A* B) and Y=A‘*B 


_ respectively. The above two equations may 


also be implement by term-4 which uses the 
same AND gate to drive two OR gates. 


Besides being able to have programmable 
Active-High or Active-Low output, the 
programmable output polarity feature also low 
output, the programmable output polarity 
feature also allows the user to minimize his 
AND term utilization by converting his logic 
equation into other forms such as conversion 
by De Morgan Theorem. 


For example, the equation 
X=A+B+C0+D 


takes four AND terms to implement as shown 
in Table 3, terms 6 to 9. By using De Morgan 
Theorem, the same equation is changed to 


W=/A * /B* /C * /D 


The result is as shown in term 11 — a saving 
of three AND terms. The output buffers are 
disabled in their virgin states so that they all 
behave as inputs. The buffers are enabled or 
disabled by their corresponding Control AND 
terms Do to D3 (see Figure 1). The Control 
AND terms are represented in the 
programming table on the last four rows on 
the left hand side. Dashing out ail the inputs 
will cause the output buffer to be 
unconditionally enabled, whereas a “0” (zero) 
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will cause the buffer to be unconditionally 
disabled. The buffers may also be controlled 
by a logical condition, e.g. A * /B * /C, etc. 


There are eight flip-flops on the chip each of 
which may be programmed as a J/K oraD 
flip-flop, or they may be programmed to 
switch dynamically. As shown in Figure 1, 
each flip-flop is a J/K to begin with. A 3-State 
inverter is connected in between the J and K 
inputs of each flip-flop, which when enabled 
by the AND gate Fe, will cause the flip-flop to 
function as a D flip-flop. The inverters are 
enabled by Fc through fuses Mg to M7. A*.” 
in the F/F Mode entry of the programming 
table means that particular fuse is to be 
disconnected and that particular flip-flop is to 
be J/K. An “A” entry will leave the M fuses 
intact, which allow the flip-flop to be D or J/K 
as controlled by the output of Fo (see Figure 
2, “OR” ARRAY — (MODE)). The inputs to 
the flip-flops are represented by the 
programming table as the next state, 

Q(N)o to 7 Since their inputs are from the OR 
array. The outputs of these registers are 
connected to their respective 3-State 
inverting output buffers, four of which are 
controlled by EA and the other four by EB. A 
*." in EA will enable outputs Fy to Fz, whereas 
a “—"will disable them. An “A” will allow the 
output buffers to be controlled by /OE, pin 11. 
Table 4, terms 0, 1 and 3 represent the 
following equations 


Qo: J=A * C+/B */E 
Qo: K=A */C 


Notice that the J input in equation 1 is 
represented by the “H” entry in terms-0 and 
1, column Q(N)p while the K input in equation 
2 is represented by the “L” entry in term-3, 
column Q(N)p. An undefined input, J or K, is 
considered “Low”. 


eq. 1 
eq. 2 
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AD flip-flop may be implemented by first 
entering an “A” in F/F MODE. Then enter “0” 
in the row Fe, which will unconditionally 


enable the 3-State inverter between the J and 


K inputs. The following logic equation may be 
implemented as shown in Table 4, term 5 


Q1: D=/A * /B* /C+E. 


Notice that the entries in term 5, columns 
Q(N)o to 7 are “A” and “.” instead of “H” and 
“L" as in the case of J/K flip-flops. The entry 
“A* will cause the fuse connecting to the “K” 
input to be disconnected and the “J” fuse to 
be intact. Whereas the entry “.” will cause 
both fuses to be disconnected. This feature 
enables the user to quickly recognize the 
mode in which the flip-flops are operating 
without having to go through the control 
terms. Some commercially available device 
programmers in the market may not have the 
software capability to implement this feature, 
in which case an "H” and a *—" may be used 
in place of “A” and “.” respectively as shown 
in Table 4, terms 8 and 9. 


Of course, the term Fo may have inputs 
instead of zeros and dashes, in which case 
the flip-flop modes are controlled dynamically. 


When both the J and K inputs are “1's”, the 
flip-flop will toggle. A simple 3-bit counter 
may be implemented using only AND terms 
as shown in Table 4 terms 11, 12 and 13. The 
logic equations for the three flip-flops are as 
the following: 


Qs:T=1; 
Q6:T=Qs; (Qg toggles when Qs5=1) 


Q7:T=Qs * Qe; (Q7 toggles when Qs * 
Qg=1) 


The above equations represent an octal 
up-counter. However, since the outputs of the 
flip-flops are inverted, the counting sequence 
of the outputs is that of a down-counter. 


(Qs toggles unconditionally) 


The flip-flops may be asynchronously set and 
reset by the Control AND terms PA/PB and 
RA/RB respectively. As shown in Figure 1, 
PA and RA controls flip-flops Fo to Fz, while 
PB and RB control F, to F7. 
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Figure 3 


In order to save the number of input pins, the 
eight flip-flops may be synchronously loaded 
directly from their own output pins. To use 
this feature, EA and/or EB must be 
programmed “A” or “—" so that the output 
buffers may be disabled before loading. As 
shown in Figure 1, every flip-flop has an 
OR/NOR gate the input of which is directly 
connected to the output pin and the outputs 
of the OR/NOR are connected to the K and J 
inputs respectively. This OR/NOR gate 
inverts the input and feeds it to the flip-flop in 
a “wire-OR’ fashion. Therefore, when loading 
data directly into the flip-flops from the output 
pins, caution must be exercised to insure that 
the inputs from the OR array does not 
interfere with the data being loaded. For 
example, if the data being loaded is a “1” on 
the output pin, the J input will be a “O” and the 
K input will be a “1”. If, at the same time, a “1” 


666 





is present at the J-input from the CR array, 
the flip-flop will see “1's” in both J and K 
inputs. It will toggle as a result. The OR/NOR 
gates are enabled by the Contro! AND terms 
LA and LB. LA controls flip-flops Fg to Fz and 
LB controls F, to Fz. 


All Control AND terms function and are 
programmed in the same manner as the 
other AND terms. The only difference is that 
the Control AND terms are not connected to 
the OR array. 


The outputs of the flip-flops may be fed back 
into the AND array as the present state, Q(P). 
The output of the AND array into the OR 
array and the inputs to the flip-flops is the 
next state, Q(N). As an example, Figure 3 is 
a state machine implemented in a PLS159A 
as shown in Table 5, terms 0 to 6. 
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INTRODUCTION 

One of the many features of the PLS153 to 
159A series is the availability of individually 
controlled 3-State I/O pins. Taking advantage 
of this feature, a Schmitt trigger may be 
constructed using one input pin, two 
bidirectional 1/O pins and additional 
components of three resistors. The two 
threshold voltages, as well as the hysterisis, 
are determined by the values of the three 
resistors and the parameters of the 
PLS153/159A device, which are 1) input 
threshold voltage, Vr, 2) High output 
voltage, Voy, and 3) Low output voltage, VoL. 
The circuit may be simplified if Schmitt 
function is needed only on Low going High or 
High going Low, and if the hysterisis and 
threshold voltages are not important. 


DESCRIPTION 

A simplified block diagram of a non-inverting 
Schmitt trigger is shown in Figure 1 where 
Rj, Re, and Rj, R3, form two pairs of voltage’ 
dividers one of which get into action at input 
voltage direction of High going Low and the 
other Low going High. Assuming that input 
voltage starts at zero volt, the output voltage 
is therefore at Vo_ which causes Q3 to pull Rg 
towards ground. As the input voltage 


PLS159A 


increases, only a fraction of the voltage is 
impressed upon the input buffer due to the 
dividing network R, and Rs. As soon as the 
input voltage reaches a point where V\=VTy 
(VTH=1.38V typical), the output switches to 
Von which, in turn, turns off Qo and turns on 


. Qy. V; will jump to a value greater than Vry 


and Q, then pulls the input pin, through Ro, 
towards Voy, which in tum locks the output to 
a High state even if the input voltage 


-’ fluctuates, as long as it does not fluctuate 


outside of the designed hysterisis. When the 
input voltage goes from a High to a Low, the 
Schmitt function repeats itself except that Qy 
and Qo reverse their roles. 


The triggering voltages, V}, (Low going High) 
and V; (High going Low) are: 
Vu=Vru [(Ri+R3)/Ra] — Vor (Ri/Ra); 

Vi=Vru [(Ri+Re)/Re] ~ Vou (Ry/Re); 

where, at room temperature, Vcc = 5.0V, 
low/lor<imA. Vt} is the threshold voltage of 
the device, typically 1.38V; Voz is the output 
Low voltage of the device, typically 0.36V at 


| loc | <1mA; Voy is the output High voltage 
of the device, typically 3.8V at | lou | <1mA. 


The implementation of Figure 1 using 
PLS153/153A is as shown in Table 1, and 
Figure 2a. A scope photo of the operation of 


OUTPUT 


the circuit is shown in the Appendix. The 
implementation using PLS159A is shown in 
Table 2 and Figure 2b. In Tables 1 & 2, V, is 
the input pin, Vo is the output pin, V2 is the 
output which pulls down V, and V3 is the 
output pin that pulls up V;. The Schmitt 
output is available at pin Bo for external use, 
and is available internally at the input buffers 
of Ip and B(!)o. However, there is a 
propagation delay between the two signals 
from the Io buffer and the B(!) buffer. 


An inverting Schmitt triggered buffer may be 
constructed using the same principle. A 
simple block diagram of such inverter is 
shown in Figure 3a. The circuit is 
implemented using H/L programming table as 
shown in Table 3 for PLS153 and Table 4 for 
PLS159A. Table 3 is also represented in logic 
symbols in Figure 3b. If the voltage levels (V_ - 
and Vy) and the hysterisis are not critical, 

one I/O pin may be used to puil the input pin - 
High and Low. Therefore one I/O pin anda 
resistor may be saved. The drawback is that 
the range of Vy and V, is quite limited. The 
circuit is as shown in Figure 4. 


If Schmitt function is needed only in one 
direction, one of the resistor/output circuit 
may be eliminated. The circuit is as shown in 
Figure 5. 





Figure 1. Simplified Block Diagram of a Schmitt Trigger 
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NON-INV. BUFFER 


OUTPUT Vo 
SAME AS TERMS 


B(O)4 = V2 
B(O)5 = V3 


OUTPUT Voy 





POLARITY 
ERROR 















CODE NO. 
NOTE: Schmitt trigger output may be obtained from both lp and B(I)}q to drive the AND-ARRAY. 





L PIN Jo [7 fe {s [4] 3 [2] s fro] sa] 17] 16] 15/4] 3/12 |10| 9 | 
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Table 1. PLS153/153A Programming Table 
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PLS153/153A 


TO OTHER AND TERMS 


a. Using PLS153/153A 


PLS159A 


TO OTHER AND TERMS 


b. Using PLS159A 
Figure 2. Schmitt Trigger 
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Table 2. PLS159A PLS Programming Table 
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a. Simplified Block Diagram 


PLS159A 


TO OTHER AND TERMS 


b. Using PLS159A 


Figure 3. Inverting Schmitt Trigger 
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Figure 1. Block Diagram of 9-Bit Parity Generator/Checker 


OR em DARGEN 2 OI i i Ie a 


HeGS HHH HHS HS RRR HREETEHE P ION LI S T #8 edt ae aga aga aa te a a eee 


LABEL ** FNC **PIN FNC ** LABEL 
I0 t* ** +5V **VCC 
Il em /O  **SUME 
I2 ae **SUMO 
13 ** **N/C 
T4 xx **N/C 
I5 xe **N/C 
I6 xx **N/C 
17 a **SU3 
I8 wx **SU2 
GND aS **sSUL 


xx 
Kx 
xk 
x* 
xx 
xk 
xx 
xx 
xx 
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Figure 2. Pin List 
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FOI III III DARGEN 1 I I IO I 
@DEVICE TYPE 
PLS153 
@DRAWING 
FO IOI III IO OIG DART TY GENERATOR/CHECKER 
@REVISION 
FOI III OOO OIG REY = 


@DATE 


KKKKK KKK KKK KKK KKK KKK KK KKK xx/XX/XXXX 


@SYMBOL 
FOI III OI IO I II GOI IAG III PILE ID: PARGEN 


@COMPANY 

KKK EK KE KKK KK KKK KKK KKK KKK KKK SIGNETICS 

@NAME 

@DESCRIPTION 

IO KOKO KKK OKO OOOO KIO KOK otk 

* This circuit is a 9-bit parity generator/checker commonly used * 
for error detection in high speed data transmission/retrieval. * 
The odd parity output (SUMO) is high when the sum of the data * 
bits is odd. Otherwise it is low. * 
The even parity output (SUME) is high when the sum of the data * 

* bits is even. It is low otherwise. a 

ORK KKK KKK KOKO KOO OO ROOK Ok ok kok ok kk kok 


@COMMON PRODUCT TERM 


. @I/O DIRECTION 
ww 


TRI II IOI IO III II II III III III 


* SU1, SU2 and SU3 are outputs which are defined in the PIN LIST * 


* and therefore they don’t need to be defined here again. * 
KR KKK KR KKK RIK RKO IOI III IO II kkk gO kkk oe 
” 


@OUTPUT POLARITY 
a” 


ORO I IOI III IO IOI IO III I IO IOI III IO IO III Ik 


* The output polarities of different outputs are defined in the * 


* PIN LIST. They don’t have to be defined again here. * 
TORK OK IOI IOI IOI II III II IOI IOI IO IO III IO IO I IOI III II kk kok 
ww 


@LOGIC EQUATION 
an” 


KKK KI KK KK IKK KK ORK KIO KIO OK RIO KO OK IORI OK ROI IIT IK OOK OK kk 
* SU1, SU2, and SU3 are intermediate terms * 
KR KKK KOK KIO KOK IKK KIO RIO OI KOKO IOI III IIe 
TRUTH TABLE 
INPUTS OUTPUTS 


PHHEROOOO 
FPHOORPPFOO 
FOrFPOrFORO 
FPOOrPORPRO 
OrPrFORrRPCOH 


/12 /11 I0 /I2 Tl /10 
I2 /T1 /10 I2 Il 10 
/15 /14 13 /I5 14 7/13 
15 /14 /13 15 14 13 


/I8 * /17 I6 + /I8 I7 * /I6 
Ig * /I7 * /Ié + I8 I7 * I6 


/SU1 * /SU2 * $SU3 + /SU1 * SsU2 /SU3 + 
sul * /su2 * /SU3 + SU1l * SsU2 SU3 ; 


/{/sul * /SU2 * su3 + /SU1 * SsU2 * /SU3 + 
sul * /SU2 * /SU3 + SUl * SU2 * SU3) ; 


Figure 3. AMAZE Implementation of the Parity Generator/Checker Circuit 
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” 
TRIO III IOI OI III IO III IO II III IOI IO IOI Ik 


* This is a test pattern for the 9-bit parity generator/checker * 
* circuit. The simulator will use this file as an input to * 


* simulate the logical function. . * 
ROI III III II OI IOI III III IOI III I IOI III I Ie 


o, ss EXPECTED 
m UU SSS OUTPUTS 
“IIIIIIII MMBBBBUUUI BBBBB 
“176543210 E076543218 98321 
LLLLLLLL /////////1L “HLLLL 
HLHHLHLL /////////4 ”“LHLLH 
LHHLLHHL /////////H “LHLHL 
HHLHLLHL /////////L “HLLHH 
LLHLHHLH /////////8 “LHHLL 
HLLHHLLH /////////L “HLHLH 
LHLLHLHH /////////L “HLHHL 
HHHHHHHH /////////8 ”“LHHHH 
QUIT 


a. Input Pattern PARGEN.TST 


PLS153 A:pargen.STD 
" This file is the result of logic simulation of the parity generator/checker 
circuit. The inputs are read from input file PARGEN.TST 


INPUTS <=B(I/0)=> TRACE TERMS 
76543210 3876543210 


00000000 HL....LLLO 
10110100 «+.-LLH1 
01100110 -»+-LHL1 
11010010 .+..-LHHO 
00101101 e+» eHLL1 
10011001 --+»HLHO 
01001011 »+.+HHLO 
11111111 


I/O CONTROL LINES 
OOIIITIOOOI DESIGNATED I/O USAGE 
OOIIIIOOOI ACTUAL I/O USAGE 


PIN LIST... 
08 07 06 05 04 03 O2 01 19 18 17 16 15 14 13 12 11 09 ; 


b. Output File from SIMULATOR 





Figure 4. Test Vectors 
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NOTES: 
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INTRODUCTION 

THE PLS168/168A is a bipolar 
Programmable Logic Sequencer as shown in 
Figure 1, which consists of 12 inputs, a 48 
product term PLA and 14 R/S flip-flops. Out 
of the 14 flip-flops, six are buried State 
Registers (P4-Pg), four Output Registers 
(Fo-F3), and four Dual-purpose Registers 
(Po-P3), which may be used as Output or 
State Registers. All flip-flops are positive 
edge-triggered. They are preset to “1” at 
power-up, or may be asynchronously set to 
“1” by an optional PR/OE pin, which may be 
programmed either as a preset pin or as an 
Output Enable pin. Additional features 
includes the Complement Array and 
diagnostics features. 


ARCHITECTURE 

As shown in Figure 2, the device is organized 
as a decoding AND-OR network which drives 
a set of registers some of which, in turn, 
feedbacks to the AND/OR decoder while the 
rest serve as outputs. Outputs Po to Ps may 
be programmed to feedback to the AND/OR 
decoder as State Registers and, at the same 
time, used as outputs. The user now can 
design a 10-bit state machine without 
extemal wiring. The AND/OR array is the 
classical PLA structure in which the outputs 
of all the AND gates can be programmed to 
drive all the OR gates. The schematic 
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diagram of the AND-OR array is shown in 
Figure 3. This structure provides the user a 
very structured design methodology which 
can be automated by CAD tools, such as 
Signetics AMAZE software package. The 
output of the PLA is in the form of 
sum-of-products which, together with the RS 
flip-flops, is the ideal structure for 
implementation of state machines. (Refer to 
Appendix A for a brief description of 
synchronous finite state machines.) 


Design Tools 

A direct approach to implement a design 
using the PLS168/168A is the H/L table 
supplied in the data sheet as shown in 

Table 1. The table is organized according to 
input and output of the PLA decoding 
network. The lefthand side of the table 
represent the inputs to the AND-array, which 
includes input from input pins and present 
state information from the feedback buffers 
which feedback the contents of the State 
Register. The righthand side of the table 
represents the output of the OR-array, which 
drives the State and Output Registers as the 
next state and output. Each column in the 
lefthand side of the table represents an input 
buffer, which may be inverting, non-inverting, 
disconnected or unprogrammed. Each 
column in the righthand side of the table 
represents a pair of outputs to the flip-flops, 
which may be set, reset, disconnected, or 
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unprogrammed. The programming symbols 
are H, L, —, and 0. (See Figure 4 for details.) 
For inputs buffers, “H" means that the 
non-inverting buffer is connected, “L” means 
that the inverting buffer is connected, “—" 
means that both inverting and non-inverting 
buffers are disconnected, and “O” means that 
both inverting and non-inverting buffers are 
connected which causes that particular 
AND-term to be unconditionally Low. On the 
output side of the table, “H” means that the 
particular AND-term is connected to the 
OR-term on the “S” input of the particular 
flip-flop, “L” means that the AND-term is 
connected to the “R” side, “—" means that 
the AND-term is not connected to the flip-flop 
at all, and “0” means that the AND-term is 
connected to both the “S” and *R" sides. 
More details of the symbols and their 
meanings are shown in Appendix B. Each 
row in the table represents an AND-term. 
There are 48 AND-terms in the device. 
Therefore, there are 48 rows in the table. An 
example of implementing a transition from 
one state to another is shown in Figure 4a. 
The state diagram can be implemented by 
the PLS168 as shown in Figure 4b. The state 
diagram is translated into H/L format as 
shown in Figure 4c. The first column on the 
lefthand side of the table is for the 
Complement Array which will be discussed in 
detail in the next section. 
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NOTES: 


1. All programmed “AND” gate locations are pulled to logic “1°. 


2. All programmed “OR" gate locations are pulled to logic “0”. 


3. 


“. Programmable connection. 


Figure 1. Logic Diagram of PLS168/168A 
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CUSTOMER NAME 


Table 1. 


INACTIVE 


INACTIVE 


PURCHASE ORDER # 


CF (XXXX) 


CUSTOMER SYMBOLIZED PART # 
TOTAL NUMBER OF PARTS 


SIGNETICS DEVICE # 
PROGRAM TABLE 


PROPAGATE 


TRANSPARENT! 


LP 


DON'T CARE 


rz 
oO 
© 











PRESENT STATE (Pg) (Px) 





INPUT (tm) 
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Figure 2. The Architecture of PLS168/168A 
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Figure 3. Schematic Diagram of AND-OR Array 
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a. State Diagram 








b. Implementation of State Diagram (a) with PLS168 
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c. PLS168 Programming Table 








Figure 4. implementing State Machine with PLS168 
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Figure 5. Logic Diagram of Complement Array 


Complement Array 

An additional feature is the Complement 
Array, which is often used to provide escape 
vectors in case the state machines get into 
undefined states during power-up or a timing 
violation due to asynchronous inputs. A logic 
diagram of the Complement Array is shown in 
Figure 5. The output of the Complement 
Array is normally Low when one or more 
AND-terms are High. If all of the AND-terms 
are Low, then the output of the Complement 
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Array will be High. In this example, if each 
AND-term is a decoder for a particular state 
and input combination, and if the circuit gets 
into an undefined state, none of the 
AND-terms will be High. Therefore, the output 
/G will be High, which will then enable the 
AND-term S which in turn may be used to 
reset all registers to Low or High as pre- 
defined. The state machine thus escapes 
from being in an undefined state by using the 
Complement Array and one AND-term. 
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Without the Complement Array an alternate 
way of escaping from being in an undefined 
state is by defining all possible states which 
are not being defined. This method may 
require quite a few AND-terms depending on 
the design. Another application for the 
Complement Array is illustrated by the 
following example. As shown in Figure 6, 
when the machine is in state 23, if input 
vector equals 1001, it will go to next state 24. 
If the input is 1101, then go to state 25. But if 
the input is neither 1001 nor 1101, then go to 
state 03. It takes only two terms to implement 
the first two transition vectors. To implement 
the third vector “go to state 03 if input is 
neither 1001 nor 1101", the Complement 
Array accepts the outputs of the first two 
AND-terms as inputs. If the input vector is 
neither 1001 nor 1101, then both terms will be 
Low, which causes the output of the 
Complement Array (/C) to be High. A third 
AND-term is used to AND state 24 and/C 
together to set the registers to state 03. The 
State Diagram is translated into AMAZE 
syntax as shown in Figure 6b, where all 
vectors are in square brackets and the 
Complement Array is represented by the 
ELSE statement. The State diagram Figure 
6a can also be expressed in the format of a 
program table as shown in Figure 6c. The 
complement array may be used to exit from 
different present states to different next 
States. It can be used many times in one 
state machine design as shown in Figures 
7a, b, and c where the state diagram is 
implemented using the AMAZE state 
equation syntex and the H/L format. 
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1001/OUT; 2 ‘OUT, 
1101/0UT2 or TOUTS 


NOTE: T00T*T101= 1001+ T70T 


a. State Diagram 


ILE (23] 
iF [1001] THEN [24] WITH 
{OUT}] 
IF [1101] THEN [25] WITH 
2] 


ELSE: [03] WITH [OUTS] 


b. AMAZE State Equation Syntax 





SPTION (P Ea 


wr raserse | ereme TL auipr 

tao evs als oOo ee alee sale ne fe eT 

meee = ([ eee P alee mere) eee 

ae P= P EE alee fe laa Dpalece tafe fae ele fa 

eR Pa Rites fe IT geese ele (=n cea 

PEE WA Ln LL 
/ 


| PRESENT STATE=23(HEX) + [| | out2-o010/f, | | | | 


OUTG=1001 HE 


TERM 


COMPLEMEN 
ARRA 





c. H/L Format 





Figure 6. Application of Complement Array 
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WHILE [00 
IF [0000] THEN [01] WiTH [OUTO] 
IF eo THEN [02] WITH (OUT1] 
ELSE: [3F] WITH [OUT9} 

WHILE [01 
IF [0010] THEN [03] WITH [OUT2] 
IF [0011] THEN [04] WITH [OUTS] 
ELSE: [2F] WITH [OUT6] 

WHILE [02] 

IF [0100] THEN [05] WITH [OUT4] 

IF [0101] THEN [06} WITH [OUTS] 

ELSE: [2F] WITH [OUT7} 


b. AMAZE State Equation 












OPTION (PR = 


oo ea mcerisie ——[ verse [aur 








elelefoia (si e[ss zee paler eye a vsle lao ps] es7 ies) ce ize eps lala 6) 
Pee eee eee 
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- cr] ee 
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oo 
HLH 
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c mo] re 
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rc 
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r~ 
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pe erie tse et) 
PF fEiziz} fetete tele 


po Se ee ee 


| feieiet fzpeiel fie 


eae eh aa een eelsy ra 
PTT Segoe ey 
pee ae ee 
PERBERIECBIE 
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c. PLS168 Programming Table 


Figure 7. Applications of Complement Array 
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Qo 
g 8: 12 16 20 24 8 32 36 40 44 48 6 8 12 16 20 24 28 22 36 44 48 


NUMBER OF TERMS NUMBER OF TERMS 


a. PLS168 Setup Time b. PLS168 Setup Time 


‘vs. P- d _ P- 2 
ver E-Torm Coeribg ve: Erie Ecading Figure 9. Difference in Propagation 


Figure 8 Delay Due to Different P-Term Loading 


OUTPUT UNDETERMINED | 
DUE TO METASTABLE 
CONDITION OF FLIP-FLOP 





Figure 10. Change of tcxo Due to Metastable Condition of Flip-Flop 


June 1988 691 


Philips Components—Signetics Programmable Logic Devices 


. Application Note 





PLS168/168A primer 


- AN23 





Optional Preset/Output Enable 
The PR/OE pin provides the user with the 
option of either using that pin to control the 
3-State output buffers of the Output 
Registers, or have that pin to asynchronously 
preset all registers to High. The purpose of 
the preset function is to provide the system a 
way to set the PLS168 to a known state, all 
Highs. The output enable function are 
sometimes used where the state machine is 
connected to a bus which is shared by other 
output Circuits. It is also used during 
power-up sequence to keep the PLS168 from 
sending power glitches to other circuits which 
it drives. By programming the PR/OE pin to 
control the 3-State output buffers, the preset 
function is permanently disabled. By 
programming the PR/OE pin to control the 
asynchronous preset of the registers, the 
output buffers are permanently enabled. 
‘While using the preset function to 
asynchronously preset the register, if a rising 
edge of the clock occurs while the preset 
input is High, the registers will remain preset. 
Normal flip-flop operation will resume only 
after the preset input is Low and the rising 
edge of the next clock. Setting the registers 
to a predefined pattem other than all Highs 
may be accomplished by using a dedicated 
p-term, which is activated by an input pin 
which will also inhibit all other p-terms which 
are being used. The inhibiting of other 
p-terms eliminates the problem of 
undetermined state of an RS flip-flop caused 
by having Highs on both R and S inputs. 


June 1988 


Diagnostic Features 

In debugging a state machine, sometimes it 
is necessary to know what is the content of 
the state register. The buried State Register 
may be read by applying +10V on Io, which 
will cause the contents of register bits P, to 
Ps, Pg to Pg to be displayed on output pins F2 
to Fz and Py and P3 respectively. While the 
device can handle the +10V on pin lo, 
prolonged and continuous use will cause the 
chip to heat up since more power is being 
dissipated at +10V. To facilitate more 
expedient functional tests, synchronous 
preset vectors as described above may be 
used to set the State Register to different 
states without having to go through the entire 
sequence. 


Timing Requirements 

Since the PLS168 is intended to be a 
synchronous finite state machine, the inputs 
are expected to be synchronous to the clock 
and set-up and hold time requirements are 
expected to be met. In general, the set-up 
time requirement is measured at its worst 
case as having the entire AND-array 
connected to the OR-term being measured 
and there is only one active AND-term to 
drive the entire line. The set-up time 
decreases from there as less p-terms are 
used. This is due to the capacitance of the 
unused AND-terms being removed from the 
line. Figure 8a shows the typical set-up time 
requirement of a PLS168A device. Figure 8b 
shows the normalized set-up time asa 
percentage of the worst case, which is with 
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48 terms connected. In a typical state 
machine design, some flip-flops will change 
states more frequently than others. Those 
that change more frequently will have more 
p-term loading on its OR gates than those 
that change states less frequently. The 
different loadings on the OR-terms cause 
different delay on the inputs of the flip-flops 
as shown in Figure 9. If an input fails to meet 
the set-up time specification, it is possible 
that the resultant of the input change gets to ° 
one set of flip-flops before the rising edge of 
the clock while it gets to other flip-flops during 
or after the clock’s rising edge. The result is 
that some flip-flops have changed states and 
some have not, or some get into metastable 
condition as shown in Figure 10. The state 
machine is now either out of sequence or is 
in an undefined state. This problem often 
occurs with asynchronous inputs which is 
generated totally independent of the clock on 
the system. A common remedy for the ‘ 
problem of asynchronous inputs is to use 
latches or flip-flops to catch the input and 
then synchronously feed it to the state 
machine. This minimizes the problem with the 
different propagation delays due to different 
p-term loading. But there is still a finite 
probability that the external latches or 
flip-flops will get into metastable condition, 
which may be propagated into the state 
machine. Nevertheless, the window for the 
flip-flops in state machine to get into 
undefined states or metastable condition is 
narrowed by a great extent. 


Philips Components-Signetics Programmable Logic Devices 


Application Note 





PLS168/168A primer 


AN23 





APPENDIX A 


INTRODUCTION TO STATE 
MACHINE 

A state machine is a synchronous sequential 
circuit which interprets inputs and generates 
outputs in accordance with a predetermined 
logic sequence. It is analogous to running a 
computer program with a computer. The state 
machine, with its sequence coded in 


INPUT 
DECODER 


MEMORY 
ELEMENTS 


MEMORY 
ELEMENTS 
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hardware, can run much faster than a 
computer running the sequence in software. 
Therefore, it is often used in controller 
applications where speed is important. 


Generally, state machines may be classified 
as Mealy or Moore machines as shown in 
Figures 1a and 1b. The fundamental 
difference of the two types are: the output of 
a Moore machine is a dependent of only the 


es) 


Appendix A-1. Moore Machine Model 


OUTPUT 
DECODER 


OUTPUTS 


<> 


OUTPUT 
DECODER 


=) 


Appendix A-2. Mealy Machine Model 
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state of the memory elements whereas the 
output of a Mealy machine is a dependent of 
both the state of the memory elements and 
the inputs to the state machine. The figures 
also show graphic representations of the logic 
sequence in the form of state diagram in 
which the bubbles represent state vectors, 
and the arrows represent transitions from 
present states to next states. 


STa IS PRESENT STATE 
OUTa iS OUTPUT VECTOR 


{Na IS INPUT VECTOR 


STb IS NEXT STATE 
OUTb IS OUTPUT VECTOR 


STa IS PRESENT STATE 


Na [S INPUT VECTOR 
OUT, IS OUTPUT VECTOR 


STb IS NEXT STATE 
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APPENDIX B 


LOGIC: PROGRAMMING , PRESET/OE - (P/E) 
The PLS can be programmed by means of 
Logic programming equipment. 


With Logic programming, the AND/OR gate 
input connections necessary to implement 
the desired logic function are coded directly 





from the State Diagram using the Program / = 

Table on the following page. 

In this table, the logic state or action of : | OPTION, | CODE | 
control variables C, |, P, N, and F, associated eek 


with each Transition Term Tp, is assigned a PROGRAMMING: 


symbol which results in the proper fusing The PLS168/A has a power-up preset feature. This feature insures that the device will power-up 

pattern of corresponding link pairs, defined as-_ jn a known state with all register elements (State and Output Register) at logic High (H). When 

follows: programming the device it is important to realize this is the initial state of the device. You must 
provide a next state jump if you do not wish to use all Highs (H) as the present state. 


“AND” ARRAY — (I), (P) 







DON'T CARE 






Tn 
" gna 
anf] 
INACTIVE! 3 






“COMPLEMENT” ARRAY — (C) 


¢ 
c 
Th 










¢ c 
c c 
Ty Th 


ee Se | ACTION | CODE | 
[_inacrve’’# [ o | [| GENERATE | A |_propacare | ¢ | 





NOTES: 

1. This is the initial unprogrammed state of all links. 

2. Any gate Ty will be unconditionally inhibited if both the true and complement of any input (! or P) are left intact. 

3. To prevent simultaneous Set and Reset flip-flop commands, this state is not allowed for N and F link pairs coupled to active gates T, (see 
flip-flop truth tables). 

4. To prevent oscillations, this state is not allowed for C link pairs coupled to active gates Ty. 
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DESCRIPTION 

The PLS173 is a 24-pin PLA device which 
has 10 bidirectional outputs and 12 dedicated 
inputs. The output of the device is the sum of 
products of the inputs. The polarity of each 
output may be individually programmed as 
Active-High or Active-Low. A logic diagram of 
the device is shown in Appendix A. A 10-bit 
comparator similar to the 74LS460 compares 
two 10-bit data inputs to establish if 
EQUIVALENCE or NOT EQUIVALENCE 
exists. The output has True and Complement 
comparison status outputs. The logic diagram 
of the comparator is shown in Figure 1. 


The truth table is as shown in Table 1 where 
vectors a and b are 10-bit inputs to AQ to AO 
and B9 to BO. If the input to A9-A0 is bit-to-bit 
equivalent to the input to B9-BO, the two input 
vectors are considered EQUIVALENT, and 
output EQ goes High and NE goes Low. If the 
two input vectors are not bit-to-bit equivalent, 
then EQ goes Low and NE goes High. The 
circuit is implemented with AMAZE as shown 
in Figures 2a, 2b and 2c. The result of logic 
simulation of the circuit is shown in Figure 2d. 


Se IOI I ion 
FAHHBH HAHAH OP OT ON OL 


LABEL 
AQ 
BO 
Al 
Bl 
A2 
B2 
A3 
B3 
A4 
B4 
AS 
GND 
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Notice that on the OR side of the program 
table in Figure 5, all the fuses in the OR-term 
are intact, which means that all the 
AND-terms are still connected to all the 
OR-terms. This feature provides for future 
modification. But if all the unused AND-terms 
are deleted, the device will run faster. There 
are also many unused AND-terms which will 
provide for future modification. But if they are 
deleted (both on the AND and OR side), it will 
amount to about 450A per term power 
saving. Figure 3 is the program table with all 
unused terms deleted. 


Table 1. Function Table 





Figure 1. Logical Equivalent Circuit of 
10-Bit Comparator 





EEEEEEREREKRERE REE EE 


T S 7 #4HHHHHHAH AHA aH 


AN24_173 


** FNC **PIN LABEL 
#e T ee ]-| 
** ae 2- | 
+** ** 
*% * 
ae ee 
+e ee 
+e *e 
ae ** 
+e *% 
** ae 
*% ** 
+e ae 


FNC ** 
+5V **#VCC 
*#*B9 
*4A9 
**BS 
**A8 
*4#NE 
**EQ 
**B7 
eA] 
**BG 
**A6 
**B5S 


OHH RHRHAHHRRARa 


< 
HHHHHSOHHHH 


3- 
4- 
5- 
6= 
T= 
g- 
9- 
O- 
1= 
g= 


| 
| 
| 
| 
| 
| 
| 
| 
| 
| 


a. Pin List of 10-Bit Comparator 
Figure 2. 
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Addo aoa a aaidac 72.N2 4173 eeddedoodiednkiatiak 


@DEVICE TYPE 

PLS173 

@DRAWING 

eee eee eee eeeeeess LO-BIT COMPARATOR USING PLS173 
@REVISION 


@SYMBOL 
citar sega ANS 109 

@COMPANY 
«+ SIGNETICS 


u's oe »-.-.- DAVID WONG 

@DESCRIPTION 

This circuit compares two 10-bit inputs. If they are bit-to-bit equivalent, 
outputs EQ goes HIGH and NE goes LOW. If the inputs are not bit-to-bit equiv- 
alent to each other, outputs EQ goes LOW and NE goes HIGH. 

@COMMON PRODUCT TERM 


TO = AO 
Ti /A0 
T2: Al 
/AL 

A2 

/R2 

A3 

/A3 

AA 

/B4 

AS 

/AS 

/A6 

A6 

AT 

/AT 

A8 

/A8 

= a9 

T19 = /A9 


/BO 
BO 
/B1 
Bl 
/B2 
B2 
/B3 
B3 
/B4 
BA 
/BS 
BS 
B6 
/B6 
/BT 
BT 
/B8 
B8 
/B9 
B9 


Se Na Me Ma Me Ne Me Me Ne 


Re Se Se Ne Ne Ne Me 


ws 


* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 


Ma Ne Ne 


@I/O DIRECTION 
@OUTPUT POLARITY 
@LOGIC EQUATION 


EQ = /( TO + T1 + T2 + T3 + T4 + 'T5 T6 + 77 + T8 + TO + 
T10 + T1l1 + T12 + T13 + 1714 T15 + T16 + T17 + T18 + T19) ; 


. 


NE TO + Tl + T2 + T3 + T4 + *T5 T6 + T7 + T8 + T9 + 
T10 + T11 + T12 + T13 + 1T14 TiS + T16 + T17 + T18 + T19 ; 


b. Boolean Equations of 10-Bit Comparator 
Figure 2 (Continued) 
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18!- - - -,- - - -,- - - -!LH,-.- --,- -- -!AA,AAAA,AAA A! 
----!AAAAAA,AAAA! 


0 0!0 0,000 0,000 0!IAA,AAAA,AAA A! 
00!00,0000,0 00 O!IAAAAAA,AAA A! 


, 


weber eye ee ye IA 
~ -!H L,- - - - 


,0 0 
70 0 


¢ 


DONG hs ave! eS i ort ee ee ooh 
toe 
QO, 
0, 


0 0 
0 0 
22!0000,0000,000 0!00,0000,000 0!IAAAAAA,AAA A! 


23!0000,0000,000 0!100,0000,0 00 O!AAAAAA,AAA A! 


9!1- - HL,- -- - 
191- - 

20!0 

21!0 

2410 


000 0!00,0000,000 0!IAAAAAA,AAA A! 
000 0!00,0000,000 0!IAAAAAA,AAA A! 


’ 
’ 


26!0000,0000,000 0!0 0,0000,0 00 O!IAAAAAA,AAAA! 
27!0 000,00 00,000 0!10 0,0000,000 O!IAAAAAA,AAA A! 
28!10 000,000 0,0 00 0!00,0000,000 O!IAAAAAA,AAA A! 
2910 000,000 0,000 0!10 0,0000,000 O!IAAAAAA,AAA A! 
30!0000,0000,000 0!100,0000,000 O!IAAAAAA,AAA A! 
31!0 000,0000,000 0!100,0000,0 00 0!IAA,AAAA,AAA A! 


D9!0 0 00,0 00 0,0 00 0!0 0,000 0,0 0 0 0! 
D8!0 9 00,0 000,000 0!0 0,0000,000 0! 
D7!0 0 00,0 0 0 0,0 0 0 0:0 0,0 0 0'0,0 00 0! 
D6!0 00 0,0 00 0,0 0 0 0!0 0,0 0 00,0 0 0 0! 
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c. Program Table of 10-Bit Comparator After Assembly of Boolean Equation File 


Figure 2 (Continued) 
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A:AN24_173.STD 


AMAZE FILE ID: AN24 173 . : 5 ‘ 
LOGIC SIMULATION OF 10-BIT COMPARATOR 


<==INPUTS== 
11 
109876543210 


000000000000 
010000000000 
100000000000 
110000000000 
000100000000 
001000000000 
001100000000 
000001000000 
000010000000 
000011000000 
000000010000 
000000100000 
000000110000 
000000000100 
000000001000 


~ 000000001100 


- 000000000000. 


000000000001 
000000000010 
000000000011 
000000000000 
000000000000 


000000000000 
000000000000 
000000000000 
000000000000 
000000000000 
000000000000 
000000000000 
000000000000 
000000000000 


PINLIST....- 


<=B (1/0) => 
9876543210 


OO00LHO000 
OO0O00HLO000 
OOOOHLO000 
0000LH0000 
OOOOHLO000 
QOOOHLO000 
0000LH0000 
OO00HL0000 
0000HL0000 
OO000LHO000 
0000HL0000 
OOOOHLO000 
QO000LH0000 
OOOOHLO000 
O0O00HL0000 
0000LH0000 
OOO0OHL0000 
OO00OHL0000 
Q000LHO000 
O0100HLO000 
1000HLO0000 
1100LH0000 
0001HL0000 
0010HL0000 
0011LH0000 
Q000HLO100 
OOO0HL1000 
0000LH1100 
O000HLO001 
OOOOHLO010 
0000LH0011 


-ITITIOOIIII 
-ITIIOOIIII 


13 11 10 09 08 07 06 05 
23 22 21 20 19:18 17 16 





TRACE TERMS 


Se Ne Fe Se Ne Se Ne Ne Se Se Me Se Ne Sa Se Ne 


Ne Ne Se Ne Ye Se Ne Me Ne Se Ne Se Ne Ne Ne 


I/O CONTROL LINES 
DESIGNATED I/O USAGE 
ACTUAL I/O USAGE 


04 03 02 01 
15°14 ; 


d. Test Vectors Generated by AMAZE After Logic Simulation 
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Program Table of 10-Bit Comparator with All Unused Terms Deleted 


Figure 3. 
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024 230eee0 


as ao @a@aoaog & 





: RS er ese eier Paer be] 


hho [14] 
lis [13} 
Bo 
By 
B2 
Sileeese 


2. All programmed ‘OR’ gate locations are pulled to logic "0". 
Programmable connection. 


1. All prograrnmed ‘AND’ gate locations are pulled to logic "1". 
3.5 


NOTES: 
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INTRODUCTION 

The general technique underlying the 
operation of this A/D converter is illustrated 
by the functional block diagram in Figure 1. 
The system consists of a D/A converter, a 
comparator circuit, and digital logic circuitry. 
The digital logic circuitry outputs a digital 
value which is converted to analog by the D/A 
converter. 


The comparator senses when the output is 
greater or less than the input and causes the 
digital circuit to decrement or increment its 
digital output respectively. The initiat 
conversion is completed in 13 clock cycles. If 
tracking mode is used, the A/D converter 
then tracks the input voltage as it changes by 
incrementing or decrementing 1-LSB per 
clock. The tracking function makes it possible 
to make an A/D conversion in one clock cycle 
if the input changes less than the value of 
1-LSB per clock period. The conversion may 
be halted and the digital output, as well as 
the converted analog output from DAC, will 
hold their output constant indefinitely. This 
feature works well as sample-and-hold since 
its output voltage will not decay over time 
whereas the output of an analog sample/hold 
will decay due to charge leakages. 


In order to avoid the violation of setup time by 
the output of the comparator, its output is 
latched. There is a built-in 2-phase clock in 
U2 which may be used to drive the logic 
circuitry and the latch of the comparator (see 
Signetics NE5105 data sheet for details on 
output latches of voltage comparators). 


The analog input voltage may be sampled 
and held by an analog sample/hold circuit to 
keep the input to the ADC from changing. 
The DONE output may be used to control the 
sample-and-hold if needed. 


This paper discusses only the digital circuit 


Figure 1. 





AN28 


High-speed 12-bit tracking A/D 
converter using PLS179 


which contains the SAR and the Up/Down 
Counter. The analog circuits are not within 
the scope of this paper. 


SAR 

Two PLS179s are connected together to form 
a 12-bit shift register and up/down counter. 
The schematic diagram of the A/D converter 
is shown in Figure 2. U2 contains bits 0 to 4 
and U1 contains Bits 5 to 11. Interconnects 
are made as shown in the diagram. The 
digital output to the DAC is in natural binary 
format (e.g. 0000 0000 0000 equal zero, and 
11114 1111 1111 is full scale or 4095). After 
the/ST input becomes 0, at the rising edge of 
the next clock, the SAR is initialized to 
half-scale (1000 0000 0000) and the DONE 
flip-flop is reset to output O which causes the 
open-collector output /DONE_OC to become 
high impedance. The digital output is 
converted by the DAC and is compared to the 
analog input voltage by the comparator. If the 
digital output is greater than the analog input, 
the SAR shifts the 1 to next MSB on the right. 
The content of the SAR becomes (0100 0000 
0000). If the digital output is still greater than 
the input, the SAR shifts right one bit again. 
The content of the SAR then becomes (0010 
0000 0000). The shifting of 1 to the next MSB 
in equivalent to reducing by half the value of 
the bit under consideration. If the output is 
still too large, the SAR reduces it by half 
again by shifting to the right one more time. 
The SAR keeps shifting to the right until the 
digital output is less than the input. When the 
output is less than the input, the SAR adds 
one bit to the next MSB while keeping all the 
higher order bits unchanged. For example, if 
the current output is 0001 0000 0000 and the 
output is less than the input, the SAR adds 
One bit to the right at the next clock. The 
output becomes 0001 1000 0000. The output 


12-BIT SAR 
AND 
UP/DOWN COUNTER 


is again compared to the input. If the addition 
of that one bit is too much, it will be shifted to 
the right until the output becomes less than 
the input. When that happens, that SAR will 
again add one bit to the right. The algorithm 
of the SAR may be summarized as the 
following: If the output is greater than the 
input, shift to the right; otherwise add one bit 
to the right. This process continues until all 
12 bits have been operated on. The last bit 
(Bit 0) is always changed from 0 to 1, which 
is used as the condition to set DONE to 1 
which, in turn, sets open-collector output, 
/DONE_OC, to 0. 


UP/DOWN COUNTER 

After DONE becomes 1, if /ST and /HOLD 
are 1 and/TRACK is 0, the SAR turns into a 
12-bit up/down counter. If the analog input 
voltage increases, the counter will increment 
by 1 at every clock until it matches the input. 
If the input decreases, the counter will 
decrement by 1. When /HOLD becomes 0, 
the counter is inhibited and the output is held 
indefinitely. The counters consist of 12 toggle 
flip-flops and 2 p-terms per flip-flop for 
directional control. The counter will operate 
only after the approximation cycle is 
completed and DONE is 1. 


Since the /ST and /HOLD inputs may be 
asynchronous with the clock, in order to 
minimize the possibilities of having a 
metastable condition from happening, these 
inputs close-up are latched by flip-flops 
/START of U1 and /HLD of U2 respectively. 
Once they are latched, subsequent operation 
begins at the rising-edge of the next clock. 
The output of the comparator may be latched 
to prevent setup time violation. (Signetics 
NE5105 is a high-speed comparator with an 
output latch. External latch may be used with 
other comparators.) 


12-BIT DATA OUTPUT 


COMPARATOR 


12-BIT DAC 
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Functional Block Diagram of 12-Bit High-Speed A/D Converter 
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12-BIT 
DIGITAL 
OUTPUT 


. LATCH ENABLE 


COMPARATOR 


O 12-BIT DAC 
Vin (ANALOG INPUT) 


Figure 2. Schematic Diagram of 12-Bit High-Speed A/D Converter 
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CLOCKS 

U2 generates an optional 2-phase clock 
which may be used to control the latch of the 
comparator. The two clocks are basically 
180° out of phase and CLOCK2 has an 
additional 25ns propagation delay behind 
CLOCK1. CLOCK2 is used to drive the 
clock-inputs of the PLS179 devices. 


The clock frequency is controlled by R and C. 
Those who want to use the built-in clock 
should experiment with RC time constants for 
the best value. It is recommended that the 
capacitance should be less than 1000pF for 
best results. 


DONE AND /DONE_OC 

The output DONE is reset to 0 when /ST is 0. 
It remains 0 until the approximation cycle is 
completed. After the least significant bit 
becomes 1, the DONE bit becomes 1 at the 


next clock. It remains 1 untilitis reset again - - 


by input /ST. 


The /DONE_OC output is configured to 
emulate an open-collector output. The output 
is programmed to have a logic 0. When 
DONE is 0, the 3-State output buffer is set to 
Hi-Z condition. As soon as DONE equals 1, 
the 3-State buffer is enabled and /DONE_OC 
becomes 0. 


In the initial phase of A/D conversion, 13 
clock cycles are required. Itis essential that 
the input voltage to the comparator remains 
unchanged while the SAR is converting. It 
may be necessary to have a sample/hold at 
the front end. The DONE output may be used 
to control the analog sample/hold circuit. 


INPUT LATCHES 
Flip-flop /START and 2 p-terms in U1 are 
configured as a non-inverting D flip-flop. The 


input, /ST, and the output /START have the 
same polarities. Flip-flop /HLD and 2 p-terms 
in U2 also form a non-inverting D flip-flop. 
The output /HLD and the input /HOLD have 
the same polarities. 


AMAZE INPLEMENTATION 

The implementation of the logic circuit using 
AMAZE is as shown in the appendices. The 
SAR circuit is first designed as a state 
machine (file name: ADCS.SEE). It is then 
partitioned into two PLS179s after proper pin 
assignments are made. Then the up/down 
counter, input latches, 2-phase clocks and 


the open-collector output, are implemented 


by using Boolean equations in their 
respective .BEE files (file names: 
ADCB1.BEE and ADCB2.BEE) in AMAZE. 
The files are then assembled to produce the 
fuse-maps of PLS179 (ADCB1.STD and 
ADCB2.STD). 


Peed dele ol eer tel ath WE SSE thal ule ela 
>| ff oa = 


SUCCESSIVE APPROXIMATION 


Figure 3. Timing Diagram of Successive Approximation Cycle 
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APPENDIX A: STATE EQUATIONS OF SAR 





File Name : ADCS 
Date : 10/21/1986 
Time : 11:2:14 


@DEVICE SELECTION 
ADCB1/PLS179 
ADCB2/PLS179 


@STATE VECTORS 
[ /START, BIT11, BIT10, BIT9,. BIT7, BIT6, BIT5, BIT4, BIT3, BIT2, 
BIT1, BITO, DONE ] 


“START CONVERSION PROCESS” 
“SET SAR TO HALF SCALE” 
“PRESENT STATE = 2048 (HALF SCALE)” 


INIT Seen HoH HH 
HALPSCALE, 
ST2048 
$T1024 
$7512 
$7256 
ST128 
ST64 

$T32 

ST16 

ST8 

ST4 

ST2 

sTl 


t 


toto ow a 


Ne Me Ne Se Ne Se Se Me Ne Ne 


e0g0cccCCACCaCSe 
ToOOrrorrrOoOKOoOOOT 


aot vo wot 


Se Me Ne Ne 


AD1024 
AD512 
AD256 
AD128 
AD64 
AD32 
AD16 
AD8 
AD4 
AD2 
AD1 
END 


‘ADD 1 BIT TO THE RIGHT” 


Huu td eu bod bon 
TOrrrrrrrTvroOT 


Se Me Ne Me Ne Se Ne Me Ne Ye Ne Ne 


SH1024 

SH512 

SH256 _ = - --01 ---- ---- 
SH128 

SH64_ 

SH32 = 

SH16 ~--- 
SH8 

SH4 = - w---, -+-- 

SH2 

SH1 

SHO = 


“SHIFT ONE BIT TO THE RIGHT” 


Ne Ne Ne Ye Ne Ne Se Ne Se Ne 


vrrorror roe oT 


Ne Ne 


@INPUT VECTORS 

{ COMPARE 

GREATER ; “IF DIGITAL OUTPUT IS GREATER THAN ANALOG INPUT, 
LESS ; “IF DIGITAL OUTPUT IS LESS THAN ANALOG INPUT, 


@OUTPUT 
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APPENDIX A: STATE EQUATIONS OF SAR (Continued) 


@TRANSITIONS 
WHILE [ INIT ] 
IF () THEN [ HALFSCALE ] “INITIALIZE REGISTER TO HALF SCALE” 
WHILE [ ST2048 } 
IF [ GREATER ] THEN [ SH1024 ] “IF GREATER THAN, SHIFT 1 BIT” 
IF { LESS ] THEN [{ AD1024 ] “IF LESS THAN, ADD 1 BIT” 
WHILE [ ST1024 ] 
IF [ GREATER ] THEN [ SH512 ] 
IF { LESS ] THEN [ AD512 ] 
ST512 ] 
IF [ GREATER ] THEN [ SH256 ] 
IF [ LESS ] THEN [ AD256 } 
ST256 ] 
IF [ GREATER ] THEN [ SH128 } 
IF { LESS ] THEN [ AD128 ] 
$T128 ] 
IF { GREATER ] THEN [ SH64 ] 
IF [ LESS ] THEN [ AD64 ] 
ST64 ] 
IF [ GREATER ] THEN [ SH32 ] 
IF { LESS ] THEN [ AD32 ] 
ST32 ] 
IF { GREATER] THEN [ SH16 
IF [ LESS ] THEN [ AD16 } 
ST16 ] 
IF [ GREATER ] THEN [ SH8 
IF [ LESS ] THEN [ AD8 ] 
ST8 ] 
IF [ GREATER ] THEN [ SH4 
IF [ LESS ] THEN [ AD4 ] 
ST4 ] 
IF [ GREATER ] THEN [ SH2 
IF { LESS ] THEN [ AD2 ] 
ST2 ] 
IF { GREATER ] THEN [ SH1 
IF [ LESS ] THEN [{ AD1 ] 
STl1 
IF [ GREATER ] THEN [ SHO 
IF {] THEN [END] 
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APPENDIX B: PIN LISTS 


File Name : ADCB2 
Date : 10/21/1986 
Time : 10:58:26 


SAHHBHEHHHAHAHHAHH =P OT ON OL OT OS) oT) #HRREHHHRHHH 


LABEL ** FNC *#PIN FNC ** LABEL 
CLOCK +e CK #* 1-: : +5V **#VCC 
/START *e 2-3 /B **/DONE_OC 


COMPARE we 3-3: B **N/C 
/HOLD we 4-3: Oo ** /HLD 

/ TRACK ** 0 **BIT4 
BITS ** : : Oo **#BIT3 
N/C +e 7-3 0 **BIT2 
N/C ** oO **BITL 
N/C ** 0 **BITO 
RC Oo **DONE 
CLOCK1 : /O ¥**CLOCK2 
GND : /OE **#N/C 


File Name : ADCB1l 
Date : 10/21/1986 
Time : 10:53:7 


FHHHHHHHHHE RHR HB HSH OP OT ON OL TS TAHA HHHHHHE 


LABEL ** FNC **PIN FNC ** LABEL 
CLOCK ** CK ** 1-3 : +5V *#VCC 
/ST I we 2-3: : /B **N/C 
COMPARE xe 3-: : **/START 
/HLD we 4-3: : **BIT11 
/ TRACK we SH : **BIT10 
BIT4 **e 6-3 : **BITO 
BIT3 ee 7-3 **BITS 
BIT2 we 68-3: $ **BIT7] 
BIT1 ee 9-: **BIT6 
BITO ** 10-: : **eBITS 
DONE ee 11-3 A /B **N/C 
GND ** : /OE **#N/C 


OHHH HHA 
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APPENDIX C: BOOLEAN EQUATIONS OF UP/DOWN COUNTER AND INPUT LATCH 


ADCB1 
10/21/1986 
10:54:48 


File Name : 
Date : 
Time : 


Q@DEVICE TYPE 
PLS179 
@DRAWING 
@REVISION 
@DATE 
@SYMBOL 
FILE NAME : ADCB1 
@COMP ANY 
@NAME 
@DESCRIPTION 
@COMMON PRODUCT TERM 
@COMPLEMENT ARRAY 
@I/O DIRECTION 
@OUTPUT POLARITY 
@FLIP FLOP CONTROL 
FC =1; 


@OUTPUT ENABLE 
@REGISTER LOAD 
@ASYNCHRONOUS PRESET/RESET 
@FLIP FLOP MODE 
@LOGIC EQUATION 
“NON-INVERTING INPUT LATCH: /START = 
START : J = ST; 
K = /ST ; 
“UP/DOWN COUNTER ROUTINE” 
/BITS : T = /START * TRACK * DONE * 
/BIT2 * /BIT3 * /BIT4 + 
/START * TRACK * DONE * 
BIT2 * BIT3 * BIT4 ; 
/START * TRACK * DONE * 
/BIT2 * /BIT3 * /BIT4 * 
/START * TRACK * DONE * 
BIT2 * BIT3 * BIT4 * 
/START * TRACK * DONE 
/BITO * /BIT1 * /BIT2 
/START * TRACK * DONE 
BITO * BIT1 * BIT2 
/START * TRACK * DONE 
/BIT2 * /BIT3 * /BIT4 
/START * TRACK * DONE 


BIT2 * BIT3 * BIT4 
/START * TRACK * DONE 
/BIT2 * /BIT3 * /BIT4 
/START * TRACK * DONE 


BIT2 * BIT3 * BIT4 
/START * TRACK * DONE 
/BIT2 * /BIT3 * /BIT4 
/BIT9 + 
/START * TRACK * DONE 


/BITLO 


- BIT2 * 
BITS ; 
/START * TRACK * DONE 
/BIT2 * /BIT3 * /BIT4 
/BIT9 * 

/BIT10 + 

/START * TRACK * DONE 
BIT2 * BIT3 * BIT4 
BIT9 * BIT1O ; 


BIT3 * BIT4 


/BIT11 
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“SET ALL FLIP FLOP TO BE J/K” 


/ST a” 


/HLD * COMPARE /BIT1 


/HLD * /COMPARE BIT1 


/HLD * /BIT1 
/BITS + 

/HLD * /COMPARE 
BITS: 3 

/HLD * COMPARE * 
/BIT3 * /BIT4 * /BIT5 * /BIT6 + 
/HLD * /COMPARE * 

BIT3 * BIT4 * 
/HLD * COMPARE 
/BITS * /BIT6 * 
/HLD * /COMPARE * 


COMPARE 


BIT1 


BITS * BIiT6 ; 
* /BITO * /BIT1 * 
/BIT7 + 
BITO * BIT1 
BITS * BIT6 * 
/HLD * COMPARE 
/BITS * /BIT6 * 
/HLD * /COMPARE * 


BIT7 ; 

* /BITO * /BIT1 
/BIT7 * /BIT8 + 
BITO * BIT1 


BIT] * 
* /BITO 
/BIT7 * 


BITS * BIT6 * 
/HLD * COMPARE 
/BITS * /BIT6 * 


BIT8 ; 
* /BIT1 
/BITS8 * 
BIT1 


/HLD * /COMPARE * BITO * 


BITS * BIT6 * BIT? * BIT8 * 


* /BITO * /BIT1 
/BIT7 * /BITS8 * 


/HLD * COMPARE 
/BIT5 * /BIT6 * 


/HLD * /COMPARE * BITO * BIT1 * 
BITS * BIT6 * BIT7 * BITS * 


Philips Components—Signetics Programmable Logic Devices Application Note 





High-speed 12-bit tracking A/D converter using PLS179 AN28 





APPENDIX C: BOOLEAN EQUATIONS OF UP/DOWN COUNTER AND INPUT LATCH (Continued) 


File Name : ADCB2 
Date : 10/21/1986 
Time : 10:58:56 


@DEVICE TYPE 
PLS179 
@DRAWING 
@REVISION 
@DATE 
@SYMBOL 
FILE NAME : ADCB2 


@COMPANY 
@NAME 
@DESCRIPTION 
@COMMON PRODUCT TERM 
@COMPLEMENT ARRAY 
@I/O DIRECTION 
DO = RC ; “RC OSCILLATOR” 
D3 = DONE ; “ENABLE /DONE_OC TO OUTPUT A LOGIC LOW.” 
@OUTPUT POLARITY 
@FLIP FLOP CONTROL 
Fo = 1; 
@OUTPUT ENABLE 
@REGISTER LOAD 
@ASYNCHRONOUS PRESET/RESET 
@FLIP FLOP MODE 
“m0, Ml, M2, M3, M4, MS = 1 ; SET FO - F5 TO J/K FLIP FLOPS.” 


@LOGIC EQUATION 
“NON-INVERTING INPUT LATCH : /HLD = /HOLD” 
HLD : J = HOLD ; 
K = /HOLD ; 


“UP/DOWN COUNTER ROUTINE” 

/BITO : T = /START * TRACK ; 

/BITl] :T /START * TRACK /COMPARE 
/START * TRACK COMPARE 

/BIT2 T /START * TRACK /COMP ARE 
/START * TRACK COMPARE 

/BIT3 /START * TRACK /COMPARE 


/START TRACK COMP ARE 
/START * TRACK /COMPARE 


BIT3 + 
/START * TRACK COMPARE 


/BIT3 ; 
/DONE_oc /( 1); 


“RC OSCILLATOR” 

RC /(1) ¢ 

CLOCK1 RC ; 

CLOCK2 /( CLOCK1 ) ; “BUILT-IN DELAY OF 
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APPENDIX D: U1 ADCB1 FUSE MAP 


June 1988 


File Name : ADCB1l 
Date : 10/21/1986 
Time +: 10:56:5 


Cust/Project 
Date 
Rev/I. D. 


PLS179 ! F/F TYPE 
! 


E(b)= !E(a) = !POLARTY! 
! ! 





!A:A:A:A:A:A:A:A! 


4321 0!3 210! 





soso es 


sos oss 


Teor mernme ne nreme 
Ee Ree BS ibe et bet 6 


. 
. 


s 
. 


s 
s 


. 
s 


. 


1 


. 
s 


1 
lorumain 


s 
. 


. 
(Porrmununnrena 


s 


. 


sos os 
' 


s 


L 
L 
L 
L 
L 
L 
L 
L,~ Te 
L 
L 
L 
L 
L 
0 
Oo 


. 


ss 
ss 


. 
. 


. 
. 


. 
~ 


. 
s 


~ 
. 


. 
. 


oo0o0o0o00 0000 
eoo0oo0o0o00co0o00°0 
O99 9o009000 00 
eo0o000000 00 
ecoo0o00000g0g 0 
oo00o0000 0000 
eooo0o0o0o0000 


. 


oo0o0o0o000qg 0000 
oo0o0o00o0000 0 
ao0oo00000000 
9o000O0C0C000 
eooo0o00g00000 


x 


MHHH Ww 
WHH Ww 
rH Ww 

RaQpnAyn 
OrRUO™N™N 
Maru zon 
ama 
M200 
PPHRHW 
OrPWHwW 
WHRH Ww 
OHH WD 
SHH wD 
AwWHwW 
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eo00o00g0 0000 
aooo0o000000 0 





A! 
A! 
A! 
A! 
A! 
A! 
A! 
A! 
A! 
A} 
A! 
A! 
A! 
A! 
A! 
A! 
A! 
A! 
A! 
A! 
A! 
A! 
A! 
A! 
A! 
A! 
A! 
A! 
A! 
A! 
A! 
A! 


PEP PPP rer r PrP rrr rrrprrprrrrpprrpr py 
PPP PP PrP PP PrP Pe P errr er PP ee Pre PP Pe Pp 
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APPENDIX D: U2 ADCB2 FUSE MAP (Continued) 


File Name : ADCB2 
Date : 10/21/1986 
Time : 11:0:7 


Cust/Project - 
Date = 
Rev/I. D. 7 
PLS179 ! F/F TYPE ! E(b)= !E(a) = !POLARTY! 
1 1 ! 1 ! 
ma ite. !REAVA?AZAZAsAzA!~O ! 0 SLE?! 
E. !--------~----------------------------- +--+ - 5 - = 
R!.! I !B(i) ! Q(p) : Q (n) ! Blo) ! 
M !1C!------------------- 5 ee en ee 
__!_!7_6_5 4 3 2.1 :0!3 2 1°0!7_6 5 4 3-2 1 0!7 6 5 4 3 2 1 0!3 2°10! 
O!A!- - - -,- L- -!- + - -!----,--- -!lOH--,----!....! 
LIA!- - - -,- H - -!-- - -!----,----!0L--,----! x bat 
2!A!- - - -,L - - H!- - - -!- L--,- - - LI0o ---,- -O-!. at 
3!A!- - - -,L- LH!- - - -!-L--,- -.LL!I0o---,- O--!....! 
4'A!- - - -,L - H H!- - - -!-L--,- - HL!IO---,- O--!. =, ed 
S!IA!l- - - -,L - LH!- - - -!-L--,- LLL!I0O---,O ---!....! 
6!A!- - - -,L --H H!- - - -!-L--,- HH LIO---,0O---!....! 
TIA!I- - - -,L - L B!- - - -!-L--,LLLLo--0,- ---!....! 
B8!A!- - - -,L - HH!- - - -!- L- -,H HH LIO --0,----!....! 
9IA!I- - - -,L - LH!- -- -!- L-L,LLLL!I0o -0O-,- -- -!... .! 
1O!A!- - - -,L - H H!- --- -!- L- H,H HH LIO-O-,--.- -!....! 
LLIA!- - - -,- -,- e!- - = -!- - - -,- - - - 10 -- -,- Hi - KIA. ! 
1Z!A!- - - -,- ~.- -!- - - Hl-'- - -,- - - -!0---,- ---!..A.! 
13!A!- - - -,- - - -!- - H -!- ---,- - - -!0 ---,- ---!.A..! 
l4!A!- - - -,- - - L!i- - - -!- ---,- -- -!0-HH,HHHH!... .! 
IS!A!- - - H,- - H H!~- - - -!- - HH,H HH H!I0 - L-,- -~ -!....! 
16!A!- - - H,- - LH!- -.- -!- - HH,H HH H!0-L-,----!....! 
IW!A!- - - -,- - H.H!- - ---!- --L H,H HH H!IO ~HL,----!....! 
18!A!- - - -,- - LH!- - - -!- - LH,H HH H!I0 - - L,- - - -!. 2. ...! 
19!A!- - - -~,- - H H!- - - -!- - - L,H HH H!O - - H,L- - -!....! 
20!A!- - - -,- - LH!- - - -!--- L,HHHH!O --+,L-.- -!. ...! 
21!A!- - - -,- - H H!- - - -!- - - -,L HH H!O - - -,H L le. waite onl! 
22!A!- - - -,- - LH!- - - -!- ---,L HH H!0 ---,-L--!....! 
23!A!- - - -,- - H H!- --- -!- ---,- LH H!0O ---,- HL-!. ...! 
24!aAl- - - -,- - LH!- - - -!- ---,- LH H!IO ---,- -L-!t....! 
25!A!- - - =,- -.H H!- - - -!- - --,- - LH!0 ---,- -HL!....! 
26!A!- - - -,- - - H!- - - -!- ---,-- LH!0---,---L!....! 
271010 000,000 01000 010000,00 0 0!I0000,00 0 O!IAAA A! 
28!10!10 000,000 0!0000!0000,000 0!0000,000 O!IAAA A! 
29!10!0 000,000 0!10000!0000,0000!0000,0 00 O!IAAA A! 
30!0!10 000,000 0!0000!0 000,000 0!10000,000 O!IAAA A! 
31!0!0 000,000 0!000 0!0000,0000!0 00 0,0 0.0 O!IAAA A! 
Fe!A!- - - -,- - - -!- --- -!- ---,----:! . 
Pb!.!10000,0000!0000!0000,0000! . 
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SUMMARY 

The evolution of Programmable Logic 
Devices (PLD's) has led to the birth of anew 
generation of programmable devices 
designated as PML (Programmable Macro 
Logic). The immense versatility of these 
devices brings them closer as plausible 
alternatives to semicustom design 
approaches in low-to-medium ranges of 
applications. The following paper begins with 
a background on PML and a brief description 
of the PML basic architecture (See 
Reference 1). Next, the first PML devices are 
introduced with a detailed discussion of the 
PLHS501. The implementation of PML in the 
SNAP software package is presented. A 
system level example intends to demonstrate 
the capabilities of PML as an eloquent and 
efficient design alternative. 
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THE EMERGENCE OF THE THIRD 
GENERATION PLD 
ARCHITECTURE 

PML was introduced at WESCON '85 by 
Signetics Corporation. The unique 
architecture of PML breaks away into anew 
era of programmable logic devices. The 
purpose of the PML architecture is to 
overcome the two level AND-OR bottleneck 
and provide the user with a higher level of 
logic integration. Current PLD's rely on two 
levels of logic transformation to implement 
combinational logic in Sum-Of-Products 
(SOP) form. In addition, various PLD’s make 
use of higher level macros such as flip-flops 
to form sequential logic functions. These 
macros connect the AND-OR chain to 
dedicated I/O pins. 


Nels oe ee 


AND-OR CHAIN 
AND OUTPUT MACRO 





Figure 1. One of the Latest Registered PALs 


PAL is a registered trademark of AMD/MMI, Inc. 
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Figure 1 show the basic architecture of one of 
the most recent PAL@ devices. It is clear that 
this architecture is inefficient in making full 
use of the available on-chip resources. This 
is due to the fact that an unused I/O macro 
will be wasted and remains futile. 


For example, if an I/O pin is used as an input, 
the output macros are all wasted. Obviously, 
such an architecture cannot provide the user 
with an increase in the levels of logic 
integration. The PML device takes advantage 
of the fundamental architecture shown in 
Figure 2 to overcome these deficiencies and 
waste of on-chip resources. As shown in 
Figure 2, PML incorporates the NAND-NAND 
gate equivalence to break the AND-OR 
bottleneck. 


The core of the PML is the programmable 
NAND-NAND network which connects the 
input and output macros to each other. Thus 
the inputs, outputs, and function macros are 
all connected by a single array. 


The first device is the PLHS501. The 
seemingly simple structure of this device can 
implement every logic function furnished by 
the current PAL/PLA devices. Although the 
PLHS501 is principally a combinational logic 
device, its unique architecture makes it an 
ideal tool for applications involving 
asynchronous state machines (See 
Reference 2). 


The PLHSS502 is a sequential logic device. It 
supplements the PLHS501 features with 
sixteen edge-triggered flip-flops. The device 
can provide diverse applications 
encompassing synchronous and 
asynchronous state machine designs. 
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Table 1. Functional Description of PLHS501 I/O Pins 


41-45, 47-52, 
1-7,9-14 


10-123 Dedicated inputs 

Fuse-programmable bidirectional I/Os with Active-Low 
ae eee outputs. Can be configured as open-collector outputs. 

Logic controlled bidirectional 1/Os with Active-High 
1518 ore 3-State outputs. 


Pairs of 3-State Exclusive-OR outputs that have 
common Output Enable. 


00-01 Pairs of dedicated Active-Low 3-State output buffers. 

02-03 Each pair has common Output Enable control. 

04-05 Pairs of dedicated Active-High 3-State output buffers. 
O6-O07 Each pair has common Output Enable control. 


Nx MNAND ARRAY 





















OUTPUT 
MACRO 
(1) 


OUTPUT 
MACRO 
(2) 





Figure 2. PML Fundamental Architecture 
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THE PLHS501 PML 

The PLHS501 architecture in Figure 3 - 
exhibits an exquisite logic tool. The device 
provides a combination of 72 NAND terms, 
24 dedicated inputs (10-123), eight 
bidirectional I/O's (BO-B7), eight 
exclusive-OR outputs (XO-X7), and eight 


June 1988 


dedicated outputs (O0-O7). Figure 4 shows 
the PLHS501 logic diagram and Table 1 
illustrates the functional breakdown of the 
PLHS501 1/O pins. 


Since the output of each NAND term feeds 
back to the inputs of the NAND array, 
intricate logic functions can be implemented 


Figure 3. PLHS501 Logic Diagram 
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without wasting valuable I/O pins. For 
example, in order to implement an internal 
‘RS' latch in a combinational PAL/PLD, at 
least two inputs and two outputs are required. 
The same internal latch can be configured by 
the PLHS501 without using any I/O pins. 
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Figure 5 illustrates how 'RS' and ‘D' latches 
are implemented in the PLHS501. 


eoess | t]sesee hy Another eminent application of the PLHS501 
is in generating asynchronous state 
machines. 


The blend of intemal feedback paths together 
with the abundant number of gates makes 
this device suitable for designing 
asynchronous state machines which employ 
propagation delays of feedback paths as 
memory elements as shown in Figure 6. (See 
Bs 03 Reference 2.) 


TOP VIEW 





Figure 4. PLHS501 Pin Assignments 


wput [7] 3 oe ——{_] outrut 


input [_}——- k g {-] oureur 


a. RS Latch 


b. D Latch 


Figure 5. R/S and D Latch Implementation with PML 
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COMBINATORIAL 
LOGIC 


PROPAGATION DELAY 


PROPAGATION DELAY 
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OUTPUT O 


OUTPUT m 


NEXT STATE 


Figure 6. Model of Asynchronous State Machines Using Propagation 


PML DEVELOPMENT SOFTWARE 
Programmable logic development software 
has become an integral part of the PLD 
design process. Without software tools PLDs 
become perplexing devices which are 
inconvenient to use. Development software 
enables the user to take full advantage of the 
programmable logic’s resources. The 
complexity of the PML devices makes 
software an indispensable element in the 
design process. 


The SNAP PLD design software has been 
developed for Signetics programmable logic 
devices. PML design and development is fully 
supported by SNAP. 


The foundation for the above modules is an 
AMAZE standard fuse file (STD). The STD 
file is the common means of communication 
between all the modules. The following 
paragraphs briefly explain the implementation 
of PML in the AMAZE structure. 
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PLHS501 DESIGN EXAMPLE 

The following example intends to manifest 
the capabilities of the PLHS501. Figure 8 
shows a system formed with TTL logic. The 
system requirements make it imperative only 
to use discrete asynchronous latches. Thus, 
none of the 7 latches in the system can be 
directly replaced by registers. The system is 
partitioned into two PLS173s and one 
PLS153. The specified PLD's are labeled with 
the same labels as those on the system 
schematic (Figure 7). SNAP automatically 
converts the system to the designated PLDs. 
The SNAP Boolean equation files are shown 
in Figures 8a, 8b, and 8c. Figure 9 shows the 
overall system implemented with PLDs. The 
logic condensation capabilities of PML makes 
it feasible to replace the whole system by a 
single PLHS501 (Figure 10). The PLHS501 in 
this design will still have ample space for any 
future additions. 
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Delays of the Feedback Path as Memory Elements 


The above example demonstrates only part 
of the PLHS501 capabilities. The introduction 
of PML devices and their immense logic 
power will pave the way for a new generation 
of efficient and elegant systems. 
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File Name : PARTI 
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Time : 18:26:56 


@DEVICE TYPE 

PLS173 

@DRAWING 

@REVISION 

@DATE 

@SYMBOL 

@COMPANY 

@NAME 

PART1L 

@DESCRIPTION 

@I/O DIRECTION 

@LOGIC EQUATION 
OUTIA =/IN1A*/IN1B* (IN1J+/OT3AINIF) ; 
OTIBIN3A =/INIB*IN1LI; 
OT1C =/IN1H+OT2CIN1M+/IN1D*/OT3AIN1F+OT3EIN1K; 
OUTID =IN1B+/IN1J; 
OT1EIN3B =/INIB*IN1IJ+OT2CIN1M+/OT3G*IN1A+/IN1A*/IN1G; 
OT1F =OT2CINIM*/IN1G*/INIL; 
OUTIG =OT2CINIM+/IN1G*INIE+IN1B+/OT3G* INIA; 
OUT1H =/IN1H* (IN1E) tOT3AIN1F+/IN1A+IN1B+INI1D; 
OUTII =(/IN1E) *OT3G; 





Figure 8a. Part 1: PLS173 
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@DEVICE TYPE 

PLS173 

@DRAWING 

@REVISION 

@DATE 

@SYMBOL 

@COMPANY 

@NAME 

PART2 

@DESCRIPTION 

@I/O DIRECTION 

@LOGIC EQUATION 
/OUT2A =/ ((OUT2B*/OUTIG) ); 
OUT2B =OUTI1H+OUT2A; 
OUT2C =OT2CIN1M+/IN1G+OT2FIN3D; 
OUT2D =OT3AIN1F*/IN1G+ (/OT3AINIF* ( (INIB+/IN1J) */IN11I)) *IN1B 

+ (OT2FIN3D*/OT3G*/IN1A) * ((/IN1A*/IN1B* (IN1J+/OT3AINIF) ) 
* (/IN1IB*IN1J) ) +/OT2GIN3E; 

OUT2E =/OT2CINIM*/IN2C; 
OT2CINIM =IN1G*/OUT2E; 
/OT2FIN3D =/( (OUT2C* (IN2B))); 
OT2GIN3E =/OUT2D+O0TI1C; 





Figure 8b, Part 2: PLS173 
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@DEVICE TYPE 

PLS153 

@DRAWING 

@REVISION 

@DATE 

@SYMBOL 

@COMPANY 

@NAME 

@DESCRIPTION 

@COMMON PRODUCT TERM “CPT label = (expression)” 
@I/O DIRECTION “ DO .. Dn ” 

@LOGIC EQUATION 

OT3AINI1F /(/OTIBIN3A * OUT3D); 

OUT3C = {IN3C * /OT2FIN3D) + OT2GIN3E; 
OUT3D = /(OT3AINIF * /OTI1EIN3B); 
OT3EINIK /(/INIG + OUT3F); 

OUT3F /(OT3EINIK + /IN1H); 

OT3G /(IN1H + OT3H); 

OT3H = /(OT3G + OTIF); 


Figure 8c. Part 3: PLS153 
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1610 000,000 0!0 0,0000,0 00 0!IAAAAAA,AAA A! 
17!0 000,000 0!0 0,0000,00 0 0!IAA,AAAA,AAA A! 
1810 000,000 0!00,0000,0 00 0!AAAAAA,AAA A! 
1910 000,000 0!0 0,0000,00 00!IAA,AAAA,AAA A! 
20!0 000,000 0!0 0,0000,000 O!IAAAAAA,AAA A! 
21!10 000,000 0!0 0,0000,0 00 O!IAAAAAA,AAA A! 
22!0 000,000 0!0 0,0000,000 0!IAAAAAA,AAA A! 
23!0 000,000 0!0 0,0000,000 0!IAA,AAAA,AAA A! 
2410 000,000 0!0 0,0000,000 O!IAAAAAA,AAA A! 
25!0 000,000 0!0 0,0000,00 0 0!IAAAAAA,AAA A! 
2610 000,000 0!0 0,0000,000 O!IAA,AAAA,AAA A! 
27!0 000,000 0!0 0,0000,000 0IAAAAAA,AAA A! 
28!0 000,000 0!0 0,0000,000 0!IAA,AAAA,AAA A! 
2910 000,000 0!0 0,0000,000 0!IAAAAAA,AAAA! 
30!:0 000,000 0!0 0,0000,000 O0!IAAAAAA,AAA A! 
31!10 000,000 0!0 0,0000,000 0!IAA,AAAA,AAA A! 


D9!0 0 00,0 00 0!0 0,00 00,0000! 
D8!0 0 00,0 0 0 0!0 0,0 0 00,0 0 0 0! 
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Figure 9. System in Figure 8 Implemented with PLDs 
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Figure 10. System In Figure 10 Implemented with PLHS501 
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INTRODUCTION TO PML DESIGN 
CONCEPTS 


Programmable Macro Logic, an extension of 
the Programmable Logic Array (PLA) concept 
combines a programming or fuse array with 
an array of wide input NAND gates wherein 
each gate folds back upon itself and all other 
such NAND gates. This is called a foldback 
NAND structure and its basic elements have 
been outlined previously (Cavian', Wong?, 
Gheissari and Safari). 


The choice of an internal NAND logic cell is 
appropriate because the cell is functionally 
complete, requiring but a single cell type to 
generate any Boolean function. A cell within 
the PLHS501 may be configured to 
accommodate from one to 32 inputs from the 
outside world, and up to 72 inputs from within 
the chip. Because the user can select either 
direct or inverted input variables, and either a 
direct or complemented output, the NAND 
function can generate, with a single pass 
through the programming array, the basic four 
logic functions of AND, OR, NAND, NOR. all 
these basic functions, can be extremely wide, 
of course (see Figure 1.1). This convenient 
structure allows efficient exploitation of all 
widely used minimization techniques 
(Karnaugh Maps, Quine-McClusky, Boolean 
Algebra, etc.). 


The obvious extensions to additional 
combinational functions for decoding, 
multiplexing and general Boolean functions is 
straightforward. Adding feedback to the 
system expands the range of realizable 
functions to include sequential as well as 
combinational functions. Figure 1.2 illustrates 
the basic arrangement of the PLHS501. 
Because of the large number of inputs each 
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NAND gate has available, logic functions that 
require several levels of conventional 4 or 8 
input gates may be able to be reduced to 1 or 
2 levels. However, it is important to realize 
that unlike AND-OR PLD architectures, more 
than 2 levels of logic may be implemented in 
the PLHS501 without wasting output or input 
pins. Up to 72 levels of logic may be 
implemented due to each of the 72 foldback 
NAND gates. 


So far, the concept of a “macro” is still not 
evident. Two ways for the generation of a 
macro exist—namely, hard and soft. 
Borrowing from the concept in computer 
programming wherein a section of code 
(called a macro) is repeated every time its 
use is required, we can establish 
subfunctions which can be repeated each 
time required. The user defined or soft macro 
can be one which will generate a function by 
fused interconnect. When a fixed design 
function is provided, itis a hard macro. This 
may be an optimized structure like a flip-flop 
or an adder, or some other function which is 
generated on the foundation, by the 
manufacturer. Soft macros are seldom 
optimized or precisely consistent, but hard 
macros are both optimized and unalterable. 


When a user function for a particular use is 
isolated, defined and repetition of the function 
is required, special software constructs are 
provided which will allow it to be defined as a 
higher performance and functional density, 
and array of choices which contain optimized 
functions or hard macros will be offered in 
successor chips. In particular, the PLHS502 
(described in Section 4) includes an array of 
flip-flops for high performance state machine 
design. 
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Optimizing combinational functions in PML 
consists largely in making choices and 
trade-offs. For single output logic functions, 
the choice is obvious from the truth table. Ifa 
particular function's truth table has fewer 
entries that are logical zeroes than logical 
ones, product of sums should be chosen and 
the appropriate OR-AND structure generated. 
Otherise, the usual sum of products should 
be chosen, minimizing as usual, before 
dropping into the two level AND-OR structure 
(using the NAND-NAND realization). 
Combining the availability of inversion at the 
input and output of the chip, the 
NAND-NAND structure can perform either the 
OR-AND or the AND-OR rendition of a 
function with equal logic levels. The designer 
needs only to choose the optimal rendition to 
suit his needs (see Table 1.1). Truth tables 
with 50% ones can use either version at the 
designers whim unless other uses arise. 


PERFORMANCE 

The PLHS501 (Figure 1.2) is a high speed, 
oxide isolated, vertically fused PML device 
containing 72 internal NAND functions which 
are combined with 24 dedicated outputs. A 
large collection of applications, both 
combinational and sequential, may be 
configured using this part which looks roughly 
like a small, user definable gate array. For the 
sake of clarity, worst case passing a signal 
from an input, making one pass through the 
NAND array (output terms) and exiting an 
output takes around 25 nanoseconds with 
each incremental pass through the NAND 
foldback array taking about 8 nanoseconds. 
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Figure 1.1 PML Basic Functions 


Table 1.1 Example Demonstration 
F1 (A, B, C) = ABC + ABT + ABC + ABT + ABC 
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the zero entries , 
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If we group on the zero entries we get instead: F, = (B + C) (A +B +C) 


Fy (A, B, C) 


COST = 3 INTERNAL GATES 
AND 7 INPUTS 
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Figure 1.2 PLHS501 Logic Diagram 
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The data sheet first lists some maximum 
propagation delays from an input, through a 
NAND output term and out through various 
output gates. Secondly, it fists maximum 
propagation delays from an input, through a 
NAND foldback term, through a NAND output 
term and out through the different output 
gates. 


PLHS501 TIMING 


tpp 
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NOTE: 
ipp = 22ns maximum. 
Input Buffer + 1 NAND gate + Output Buffer (O, /0,B). 
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It is intriguing that subtracting one from the 
other yields a NAND foldback gate delay of 5 
to 6ns when the worst case gate delay of an 
internal foldback gate is listed as 8ns. This is 
due to the fact that a gate has less of a delay 
when its output is falling (tpy_) than when its 
output is rising (tp_y). When passing a signal 
through two NAND gates one gate will have 


reece 
RAR CAR 
LTT 

Eells ete J 


Cs | 
s 
a 


Figure 1.3 tpp -22ns Maximum 


728 


less of a delay than the other, and since the 
individual rise and fall delays are not 
specified, this causes the apparent 
discrepancy between the two delays. 


Figure 1.3, Figure 1.4, Figure 1.5 and Figure 
1.6 show graphically the timing paths listed in 
the PLHS501 data sheet. 
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Input Buffer + 2 NAND gates + XOR gate + Output Buffer 


PLHS501 TIMING (Continued) 


tpp = 30ns maximum. 


NOTE: 


Figure 1.4 tpp ~30ns Maximum 
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NAND GATE FLIP-FLOPS 

Various types of flip-flops and latches may be 
constructed using the NAND gate building 
blocks of the PLHS501. A typical 7474 type 
of edge-triggered D flip-flop requires 6 NAND 
gates as shown in Figure 1.7. 


No additional gates are required to implement 
asynchronous set and reset functions to the 
flip-flop. The equations necessary for AMAZE 
toimplement the D flip-flop are shown in 
Figure 1.8. However, please note that the 
equations of Figure 1.8 define a D flip-flop 
configured as a divide by 2 (i.e., QN is 
connected to the data input) whereas Figure 
1.7 shows a general! case. Also note that 
flip-flops with some additional features may 
be constructed without using more than the 
six NAND gates. This is possible because of 
the large number of inputs associated with 
each NAND gate. For instance, a flip-flop 
may be required to have a clock gated by one 
or more signals. Using the PLHS501, it may 
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be implemented by adding additional input 
signal names to NAND gate equations of 
gates #2 and #3 of Figure 1.7. If the data 
input is to the AND of several signals, extra 
inputs to NAND gate #4 may be used. Or if 
additional set or reset lines are required, they 
may be added simply by using more of the 
inputs of each NAND gate connected to the 
main set or reset. 


Figure 1.10 shows two simulations of the 
same flip-flop. The first one is at a little less 
than maximum frequency, for clarity in 
following the waveforms, and the second is at 
the maximum toggling frequency. For these 
simulations each NAND gate has a maximum 
tpt Or tp_y of 8ns (which is the gate delay of 
a NAND gate in the PLHS501's foldback 
array). First of all, it can be seen from these 
simulations that for proper simulation or 
testing of such a device a set or reset input is 
mandatory. Both Q and QN outputs are 
unknown not matter what the inputs do, until 


Figure 1.7 Edge-Triggered D Flip-Flop 
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they are put into a known state by either a set 
or reset input. Secondly, various timing 
parameters such as propagation delay, as 
well as setup and hold times may be 
determined. 


Therefore, performance of the flip-flop 
depends a great deal on which gates in the 
PLHS501 are used, either NAND gates in the 
foldback array or output NAND gates, 
connected to bidirectional pins. As a test of 
the simulation, a D flip-flop connected as a 
divide by 2 was constructed using only the 
foldback NAND terms (see Figure 1.8). An 
output NAND terms was used to invert the 
QN output and drive an output buffer. The 
only inputs were the clock and a reset. The 
data input to the flop was driven internally by 
the QN output. According to the simulation, it 
was possible to drive the clock at a frequency 
of 25MHz and this small circuit also 
functioned at that frequency. 
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Left Right 
LABEL **PIN PIN** **LABEL 
vcc xe B~| 1-46 ** **VCC 
N/C xe 9H | \-45 ** **N/C 
N/C xx 10-| i-44 ** **N/C 
N/C x* 11-| {-43 ** **N/C 
N/Cc ** 12-{ {-42 ** **N/C 
CLK xx 13-| \-41 ** **N/C 
RST x* 14-] |-40 ** **N/C 
N/C x* 15-| |-39 ** **N/C 
N/C ** 16-| |-38 ** **N/C 
N/C xe 17-| |-37 ** **00 
N/C x* 18-| |-36 ** **N/C 
N/C xe 19-] |-35 ** *EN/C 
GND vo ** 20-| |-34 ** **GND 
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File Name: lflop 

Date: 12/3/1987 

Time: 10:1:22 

@DEVICE TYPE PLHS501 

@DRAWING 

@REVISION 

@DATE 

@SYMBOL 

@COMP ANY 

@NAME 

@DESCRIPTION 

Single D flip-flop connected as 
divide-by-two for test 
@INTERNAL NODE 

CSNO, CRNO, CQO, CQNO; 

@COMMON PRODUCT TERM 

@I/O DIRECTION 

@I/O STEERING 

@LOGIC EQUATION 

00 = /(CQNO); 

CSNO / (CLK*RST* (/ (CSNO* (/ [CONO*RST*CRNO}))));¢ 
CRNO / (CSNO*CLK* (/ [CQNO*RST*CRNO])); 
coo / (CSNO*CQNO) ; 

COQNO / (CRNO*CQO*RST) ; 


Figure 1.8 PLHS501 Test Flip-Flop 


PLHS501 
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Figure 1.9 Partial PLHS501 Fusemap Showing Test Flip-Flop Fusing 
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Figure 1.10 Waveforms of Test Flip-Flop 
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FUNCTIONAL FIT 

In the late 1960's and early 1970's designers 
used SSI, MSI and small amounts of early 
LSI to generate logic solutions. Frustrated by 
the lack of wide input gates to accommodate 
a lot of product terms for two level solutions, 
they turned toward the budding ROM and 
PROM products. These devices relied on 
literally realizing a function by generating its 
truth table in silicon. The logic function had to 
have each logical one and zero realized 
distinctly as an entry for a particular 
combination of input variables, usually 
supplied on the address lines of the memory. 
Observing that many such truth tables were 
dense in ones or zeroes and sparse in the 
remainder, a cadre of initial manufacturers 
emerged with focus on supplying a 
programmable product with a few AND gates 
and OR gates which were versatile enough to 
compete against the ROM/PROM parts. The 
gimmick supplied these PLA manufacturers 
was to illustrate the functional equivalency of 
the PLA to the PROM by comparing the 
number of product terms (to be shortened to 
“p-terms”) the PLA supplied and comparing 
this to the width and depth of available 
PROMs. P-terms became the “currency” of 
the PLA world and a designer only had to 
assess the equivalent number of Boolean 
product terms required by his function to 
determine whether a particular PLA was a 
suitable candidate for his design. 


Almost in parallel, gate arrays became 
available. These provided an array of 
identical, fixed input gates (usually two input 
NANDs or NORs). These were generated in 
a regular fashion on substrate which has a 
fixed input/output pin arrangement. Also 
recognizing that all logic functions could be 
built from the appropriate two input gate, 
when interconnected correctly, manufacturers 
offered these devices to customers who 
required increased density. 
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The designer's responsibility was to generate 
what would ultimately be a metal interconnect 
pattern of his design. Special tools were 
required to allow an untrained system 
designer to do this successfully. Flop-flops, 
decoders, registers, adders, etc., could all be 
generated from the low Sevel gate building 
blocks. 


The currency of gate arrays became known 
as gate equivalent functions. That is with 
limited number of available gates on a 
substrate, the user needed to know precisely 
how many gates were used up, on a function 
by function basis, to generate each piece of 
his design. A D flip-flop requires about six 
gates, a D latch four, a 3 to 8 decoder takes 
about 14 gates and so forth. This allowed 
estimation regarding whether the function 
could conceivable be fit onto a particular 
substrate or not. Manufacturers had to offer 
multiple foundations to that a designer could 
be assured that his design would result in a 
working IC. 


The classic method of estimating whether a 
logic function would fit into a PLA was to 
determine the number of I/O pads required 
and the number of product terms required to 
generate the logical function, then select the 
PLA. For a gate array, the required measure 
included the I/O pad arrangement but 
substituted the number of available gates to 
generate the logical function (usually by table 
lookup). In an attempt to reconcile the two 
measures, Hartman‘ has evolved a formula 
for his product line. A calculation using this 
method and developing an appropriate 
“exchange rate: is shown in Table 2.1 for the 
PLHS501 and PLHS502. An alternate 
method of generating an estimate is to 
consider the gate equivalent of generating, 
say for the PLHS501, a gate equivalent of the 
part in an optimistic functional configuration 
(72 occurrences of a 32 input NAND gate). 
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Figure 2.1 shows how this will result in over 
2000 equivalent gates. Conversely, by 
stacking the NAND gates into D flip-flops, its 
least efficient function, the PLHS501 will have 
a gate equivalent of only about 100 gates. 


The most rational method of assessing fit is 
to isolate functions and identify the correct 
configuration in terms of gates, to allow direct 
tally of the gates used, to generate the 
proposed configuration. Table 2.2 may assist 
in doing this analysis. Note that all basic 
gates require precisely one gate to generate 
the function. Also note the occurrence of 
functions in the table which could never be 
generated as standard ICs previously. The 
procedure is to tally the design against a total 
budget of 72 multiple input NAND gates. 


Table 2.2 is illustrative only, and should by no 
means be taken as complete. It may be 
simply expanded by designing the proposed 
function with disregard to the usual 
restrictions on the number of inputs to a gate, 
realize the function as one, two, three, or 
more levels of interconnected logic and count 
the number of gate occurrences required. 
Special software has been provided to allow 
pyramided logic structures to be generated 
under the designer's control. These 
structures may, however, be no deeper than 
72 levels for the PLHS501. Functions should 
be generated in accord with the guidelines 
mentioned before, for selecting an optimal 2 
level logical solution. 


Itis an interesting observation that 
manufacturers of gate arrays and standard 
cell products which offer embedded PROMs, 
ROMs or RAMs have not successfully 
described these embedded functions in terms 
of equivalent gates, but rather resort to other 
means (such as divulging their relative area 
with respect to the area of a basic gate). 
There is, as yet, no standard in this arena. 
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Table 2.1 Equivalency Ratio 


Hartman's method is based on a CMOS gate array equivalency wherein 4 transistors 
constitute a 2 input NAND or NOR gate, equal to one gate. Thus, his “exchange rate” 
is as follows: 


E.R. = 4x # inputs 
+9xX#FFs | 
+7 x #3-State outputs 
+(15 to 30) x # OR outputs from the AND/OR array. 


For the PLHS501: (using CMOS numbers which may be inappropriate) 


E.R.= 4x32 
+9 x0 
+7 x 24 
+(15 to 30) x 50% of 72 feedbacks = 836 to 1376 gates 


For the PLHS502: 


E.R.= 4x32 
+9 x 16 
+7 x12 ‘ 
+(15 to 30) x 50% of 64 feedbacks = 962 to 1502 gates 


Being for two bipolar ICs, in this case, the method may be inappropriate, - 
but may be taken as an estimating procedure. 
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NOTE: 
Double this and add one for a 32 input NAND. 


Figure 2.1 16 Input NAND Formed from 2 Input Gates 
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Table 2.2 PLHS501 Gate Count Equivalents 


INTERNAL 
FUNCTION NAND COMMENTS 
' EQUVALENT 


Gates - 


For 1 to 32 input variables 
For 1 to 32 input variables 
For 1 to 32 input variables 
For 1 to 32 input variables 


Decoders 


Inverted inputs available 

Inverted inputs available 

Inverted inputs available (24 chip outputs 
only) 


Encoders 


Inverted inputs, 2 logic levels 
Inverted inputs, 2 logic levels 


Inverted inputs, 2 logic levels, 
factored solution. 


Multiplexers 


Inverted inputs available 


Can address only 27 external inputs - 
more if internal 
Flip-Flops 


D-type Flip-Flop With asynchronous S-R 
T-type Flip-Flop With asynchronous S-R 


J-K-type With asynchronous S-R 
Flip-Flop 


Adders 


Full carry-lookahead (four levels of logic) 


Barrel Shifters 
2 levels of logic 
Latches 


|} Dlatch | 2 levels of logic with one shared gate 
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DESIGN EXAMPLES 

Most designers tend to view a PLD as a 
mechanism for collecting logical glue within a 
system. That is, those pieces which tie 
together the larger LS! microprocessors, 
controllers, RAMs, ROMs, UARTs, etc. 
However, there is a tendency of viewing a 
gate array as an entire system on a chip. 
PML based products will fit well in either 
casting as will be demonstrated by a series of 
small but straightforward examples. For 
starters, we shall examine how the fusing 
process embeds function, progress to 
glue-like decoding operations and finally 
demonstrate some coprocessor like functions 
as well as homemade “standard products”. 


1 OF 8 DECODER/DEMULITPLEXER 


* BNN * 
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The method of associating gates within the 
NAND foldback structure is depicted in Figure 
3.1 wherein a simple three to eight decoder is 
fused into the array. The corresponding 
inputs are on the left and outputs at the top. - 
This figure shows inputs and their inverse 


formed in the array resulting in a solution that | 


requires 6 inverting NANDs that would 
probably be best generated at the input 
receivers. Hence, this diagram could be 
trimmed by six gates, down to eight to 
achieve the function. Figure 3.2 shows two 
consecutive D flip-flop fusing images. Note 
that asynchronous sets and resets may be 


); 


* BNN * CNN * Ej; 


achieved for free, in this version. In both. 
Figures 3.1 and 3.2 the gates are numbered 

in a one-to-one arrangement. As well, the 
accompanying equations are in the format 
used by Signetics AMAZE design software. - 


' Forclarity, consider the gate labeled 2A in 


Figure 3.1. Schematically, this is shown as a 
3 input NAND. However, in the fused 
depiction, it combines from three intermediate 
output points with the dot intersect 
designation. Hence, all gates are drawn as 


- single input NANDs whose inputs span the . 


complete NAND gate foldback structure. 


Figure 3.1 Decoder Implementation In NAND Foldback Structure 
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QLOGIC EQUATION 


DAl = / (DN1 * SN1); 


SN1 = / (DA * CLOCK1) 
RN1 = / (SN1 * CLOCK1 * 


DN1 = / (DATA1 * 


Qi = / (SN1 * 
QN1 = / (RN1 * 


DA2 = / (DN2 * SN2); 


SN2 = / (DA2 * CLOCK2) 
RN2 = / (SN2 * CLOCK2 * 


DN2 = / (DATA2 * 


Q2 = / (SN2 * 
QN2 = / (RN2 * 


Figure 3.2 Two Flip-Flops Implemented in the NAND Foldback Strucutre 


One straightforward example of using a 
PLHS501 is shown in Figure 3.3. Here, the 
device is configured to accept the 23 upper 
address lines generated by a 68000 
microprocessor. By selecting the direct and 
complemented variables, at least 16 distinct 
address selections can be made using only 
the dedicated outputs. The designer can 


combine additional VME bus strobes, or other 
control signals to qualify the decode or, define 


8 additional outputs for expanded selection. 


June 1988 


As well, the designer could transform the 


bidirectionals to inputs and decode over a 32 
bit space, selecting combinations off of a 32 


bit wide address bus. Because this simple 
level of design requires only NAND output 
terms plus 4 NAND gates in the foldback 
array (for inversion of signals connected to 
©3.00), there may be as many as 68 
remaining gates to accomplish additional 
handshaking or logical operations on the 
input variables. 
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Figure 3.3 68000 Microprocessor 
Address Decode 
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Figure 3.4 8-Bit Barrel Shifter Implemented with the PLHS501 


An eight bit barrel shifter exploits most of the 
PLHS501 as depicted in Figure 3.4. This 
implementation utilizes all 72 internal 
foldback NANDs in a relatively brute force 
configuration as well as 8 output NANDs to 
generate transparent latched and shifted 
results. The shift position here is generated 
by the shift 0, shift 1 and shift 2 inputs which 
are distinguished and selected from the input 
cells. Variations on this idea of data 
manipulation could include direct passing 
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data, mirror imaged data (bit reversal) or byte 
swapping to name a few. 


Part of an eight bit, look-ahead parallel adder 
is shown in Figure 3.5. Gates necessary to 
from the level-0 generate and propagate, as 
well as the XOR output gates generating the 
resulting sum are not shown. The reader 
should be aware that this solution exploits 
four layers of pyramided gates and only 
utilizes a total of about 58 gates. Additional 
comparison or Boolean operations could still 
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be generated with remaining NAND functions 
to achieve additional arithmetic operations. 
This application should make the reader 
aware of a new class of applications 
achievable with third generation PLDs - user 
definable /O coprocessors. The approach of 
increasing microprocessor performance by 
designing dedicated task coprocessors is 
now within the grasp of user definable single 
chip solutions. 
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An example of one of the least efficient 
structures realizable on the PLHS501 is 
shown in Figure 3.6. Here, a cascade of 12 
flip-flops are formed into a toggle chain that 
used all available NAND gates in the main 
logic array. In the PLHS501 simple cross- 
coupled latches or transparent D latches are 
preferred over edge triggered flip-flops simply 
because they conserve NAND gates. 
Applications for structures like this include 
timing generators, rate multiplication, etc. 
Additional output gates exist on the output 
terms as shown in Figure 1.2, which could 
gate the output in multiple state detection 
configurations. As well, rearranging Figure 
3.6 as a 12-bit shifter, picking off states at the 
output terms could result in a general 
purpose sequence recognizer capable of 
recognizing binary string sequences. These 
strings could be up to 13 bits long (in a Mealy 
configuration) and 24 distinct sequences 
could be sensed and detected. 


| 


Pe 
G7 
Pe 
P7 
Gs 
Ps 
P7 
Ps — 
GS 
1G6 
Pa 
P7 
P6 
PS 


Figure 3.7 shows a 32 to 5-bit priority 
encoder. This sort of device could generate 
encoded vector interrupts for 32 contending 
devices. Of particular interest is the fact that 
ordinary encoders are not this wide. The 
designer is, of course, not constrained to 
generating combinational functions in even 
powers of two. Thus, the PLHS501 can easily 
perform customized functions like a 5 to 27 
decoder or a 14 to 4 encoder or, even an 18 
to 7 multiplexor. For the sake of optimization, 
the designer is encouraged to implement 
precisely the function he needs, no more and 
no less! 


The design examples given are illustrative of 
some typical operations used in ordinary 
systems. In each case, the example could be 
thought of as simply an “off the shelf” 
standard solution to an every day problem 
(.e., a de facto standard product). 





Figure 3.5 Partial NAND Gate Equivalence of the 8-Bit Look-Ahead Adder 
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INPUT NAND OUTPUT 
BUFFERS ARRAY TERMS 





Figure 3.7 Encoder 
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SUCCESSOR ARCHITECTURES 
The design examples described and 

Table 2.2 illustrate the combinational power 
and the sequential limitations of the PLHS501 
— Signetics first PML entry. Clearly the next 
family members must address the flip-flop 
issue, and they do. The PLHS502 

(Figure 4.1) shows a similar NAND function 
array of 64 gates with the vital addition of 8 
buried D flip-flops and 8 buried S-R flip-flops. 
Again, 16 pins are devoted to dedicated 
outputs, 20 straight inputs, 4 clock or general 


INPUT 64 NAND TERMS 
BUFFERS 63 62 1 09 


lo-ho LE aa 

tt 
loo/CLK, 12 1/CLK he 
Ig/CLK, Iog/CLK |_| 


8 D-TYPE FLIP-FLOPS 


8 S-R FLIP-FLOPS 
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inputs and 8 bidirectionals can be configured 
to expand input or output capabilities. Slated 
to operate in the middle 30MHz clocking 
range, this part greatly expands the 
sequencer capability beyond the PLHS501. 
The PLHSS502 application range includes 
state machines like CRC generation/detec- 
tion, Bug handshakers, LAN handshaking, 
arithmetic coprocessors, single chip systems 
and a complete bevy of general sequencer 
operations such as sequence generation and 


Figure 4.1 PLHS502 Diagram 
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detection. It should be emphasized that the 
NAND array is fully connected and 
circumvents limitations on connectivity as 
found in other PLD products. 


Expanding on the functional capabilities of 
the PLHS502, the CMOS PML2552 offers 52 
flip-flops in a variety of natural configurations 
with a NAND array near 200 gates. Due to 
complexity and density, the part will combine 
a distinctive power-save option and the 
benefits of scan-design. 


OUTPUT TERMS © 


(x8) LI Go- 87 


py L_} 042-045 


(x4) 


DA -On 


(x4) 
>] %-97 


OUTPUT 
BUFFERS 
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DEVELOPMENT SUPPORT 


AMAZE 

The current PML architecture, the PLHS501, 
is adequately supported by Signetics AMAZE 
software. Offered free to qualified users, 
AMAZE can generate the required design 
files, fusemaps and simulations within the 
appropriate modules of AMAZE. From a 
simple menu driven environment on an IBM 
personal computer (or compatible under 
MS/DOS), the user can generate a design 
with logic equations, state equations or 
schematic entry (using FutureNet DASH or 
OrCAD SDT software). Once the design is 
entered, the user must “assemble” it prior to 
fusing the PML product. If required, the user 
may simulate the assembled file to determine 
the accuracy and functional operation of his 
design. Iteration between design entry, 
assembly and simulation may be required, 
depending on the users expectations and the 
completeness of design. Automatic test 
vector generation is a simulation option. 
Currently, the designer may fuse his design 
using either a DATA I/O Unisite programmer, 
a Stag ZL-30A or a STREBOR fusing system 
with corresponding configuration modules. 


SNAP 

Because the architecture encourages deep 
functional nesting, a new support tool has 
been developed. Synthesis, Netlist, Analysis 
and Program (SNAP) software defines a gate 
array type development environment. SNAP 


FutureNet and DASH are trademarks of DATA VO 
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permits several forms of design capture 
(schematic, Boolean equations, state 
equations, etc.), a gate array simulator with 
back annotation, waveform display and a 
complete fault analyzer and final fusemap 
compilation and model extraction. SNAP 
comes with a library of cells, and designs 
may be captured independently of the 
ultimate device that will implement the 
design. This permits the designer to migrate 
his design among a family of PML devices 
just as gate array designs can be moved to 
larger foundations when they do not route on 
smaller ones. Figure 2-1 shows the SNAP 
user interface “Shell” which dictates one 
sequence of operations to complete a design. 
Other sequences may be used. 


The top portion of the shell depicts the paths 
available for design entry. Any design may be 
implemented in any one or a blend of all 
methods. For instance, a shift register might 
best be described schematically but a 
decoder by logic equations. These may be 
united with a multiplexor described by a text 
netlist as well. Ultimately, each form of input 
will be transformed to a function netlist and 
passed either to the simulation section or to 
the compiler section. Waveform entry is for 
simulation stimuli. 


The simulator portion of SNAP is a 5-State 
gate array simulator with full timing 
information, setup and hold time checking, 
toggle and fault grade analysis and the ability 
to display in a wide range of formats, any set 
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of nodes within the design. This permits a | 
designer to zoom in with a synthetic logic 
state analyzer and view the behavior of any 
point in the design. Simulations can occur 
with unit delays, estimations or exact delays. 
The sequence of operations depicted in 
Figure 5.1 is entirely arbitrary, as many other 
paths exist. 


It should be noted that the output of the 
“merger” block represents the composite 
design, but as yetis not associated toa PML 
device. This occurs in the compiler portion 
wherein association to the device occurs and 
a fusemap is compiled. This is analogous to 
placement and routing in a gate array 
environment. Because of the inter- 
connectibility of PML, this is not difficult. 
Once compiled, the exact assignment of pins, 
gates and flip-flops is known, so timing 
parameters may be associated and a new 
simulation model generated with exact 
detailed timing embedded. The design may 
be simulated very accurately at this point, 
and if correct, a part should be programmed. 


To facilitate future migration to workstations, 
SNAP has been written largely in C. The 
internal design representation is EDIF 
(Electronic Design Interchange Format) 
compatible which permits straightforward 
porting to many commercially viable 
environments. SNAP currently utilizes OrCAD 
for schematic entry with eminent availability 
of FutureNet™ DASH. 
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NETWAVE NETGEN NETCONV STATECONV 


COMPILER 


Figure 5.1 SNAP Shell Design 
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PLHS501 EXAMPLES USING 
AMAZE REVISION 1.6 SEHHHHRERREVEGEEE DIN LIS T #€#8eeeeeeee aoa 


® Simple gate implementations Left Right 


: ** 

© 8-bit barrel shifter it ica 6 + vee 
|-45 ** N/C 
|-44 ** N/C 
{-43 ** N/C 
}-42 ** N/C 
}-41 ** N/C 
1-40 ** Fl 
|-39 ** F3 
|-38 ** F5 
(37% N/C 
[360 ** N/C 
|-35 ** F7X 
|-34 ** GND 


+ 
on 
< 


® 12-bit comparator with dual 1 of 8 decoders 
® 8-bit carry look-ahead adder 
@ 32 to 5 priority encoder 


® 8-bit shift register with 3-bit counter and 
sequence detector 


@ 4-bit synchronous counter 


I 
TL 
I 
I 
I 
Ee 
° 
Oo 
Oo 
B 
0 
0 


Following are six example applications for the 
PLHS501 using AMAZE Rev. 1.6. They 
should not be viewed as showing all possible 





capabilities of the device. They have been Top 
designed to demonstrate some of the **PIN PIN** FNC LABEL 
PLHS501 features, syntax of AMAZE, and to ** 21-| [= ee N/C 
give the reader some ideas for possible ** 22-| i= Ge RT N/C 
. ae . Ke 23-| |- 5 wk I N/C 
circuit implementations. te 24- l- 4k T N/e 
Note that these examples were written using Fe 25>" fe 3) Ae N/C 
AMAZE Rev. 1.6. Although Signetics will try ** 26-| |- 2 ** I N/C 
to keep succeeding versions of AMAZE = oe | a eS : Ae 
compatible, it may be necessary to change ae 29-| [-51 ** I N/C 
some syntax rules. Therefore, please refer to ** 30-| 1-50 ** J N/C 
your AMAZE manual for any notes on ** 31-] {-49 ** I N/C 
differences, if using a revision later than ** 32-| [1-48 ** I N/C 
Rev. 1.6. ** 33-| [-47 ** T N/C 
SIMPLE GATE Figure 6.1 Gates Pin List 
IMPLEMENTATIONS 


In this example six functions were 
implemented for each of the three major 
types of output structures. The six functions 
are AND/OR, AOI, NAND, AND, OR and 
NOR. A requirement for the AND/OR and 
AOI gates was to use only two gates each 
from the foldback array and to combine these 
product terms in one NAND output gate. To 
achieve this result, it was necessary for the 
/B and /O outputs to write equations using 
internal nodes and brackets around the 
equation. Refer to Figures 6.1 and 6.2. 


For the simulation (Figures 6.3 and 6.4) a 
binary count of 0 through 15 hex was applied 
to the input D-A. Each output of the tog file 
was checked against anticipated and other 
device outputs of the same function for 
correct operation. 
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File Name : GATES 
Date : 9/15/1987 
Time : 9:30:35 


@DEVICE TYPE 
PLHS501 
@DRAWING 
@REVISION 
@DATE 
@SYMBOL 
@COMPANY 
@NAME 
@DESCRIPTION 


Various single and two level gate implementations 


using different output structures 


@INTERNAL NODE 
@COMMON PRODUCT TERM 
@I/O DIRECTION 

@I/O STEERING 

@LOGIC EQUATION 


“AND-OR using /B output” 

fl = /(/{a*b] * /[c*d]) ; 
“AND-OR-INVERT using B output” 
f2 = /[(a*b) + (c*d) J; 

“NAND using /B output” 

£3 = /(a*b*c*d); 

“AND using B output” 


“AND-OR using XOR output: 
flx = (a*b)+(c*d); 
“AND-OR-INVERT using XOR output” 
f2x = /[(a*b) + (c*d)]; 
“NAND using XOR output” 
f£3x = /(a*b*c*d); 
“AND using XOR output” 
£4x = a*b*c*d; 
“OR using XOR output” 
£5x = /(/a*/b*/c*d); 
“NOR using XOR output” 
£6x = /art*/b*/c*d; 
“XOR using XOR output” 
f7?x : xrl = a; 

xr2 b; 


“AND-OR using /O output” 
flo = /(/[a*b] * /[c*d]) ; 
“AND-OR-INVERT using O output” 
f20 = /[(a*b) + (c*d)]; 
“NAND using /O output” 

£30 = /(a*b*c*d); 

“AND using O output” 

f40 = a*b*c*d; 

“OR using /O output” 

f50 = /(/a*/b*/c*/d); 

“NOR using O output” 


£4 = a*b*c*d; f60 = /a*/b*/c*/d; 
“OR using /B output” 

£5 = /(/a*/b*/c*/d) ; 

“NOR using B output” 

£6 = /a*/b*/c*/d; 


Figure 6.2 Gates Boolean Equations 


Simulation input file for GATES 


uw 


n 


“) 222211111111111 
“ 321989765432109876543210 76543210 


nu 


DCBA A is MSB, D is LSB 


HHLLLLHHHHHHHHHHHHHHHHH “Input all 0's A-D” 

HHHLLLHHHHHHHHHHHHAHAHH “Input count 1” 

HHLHLLHHHHHHHHHHHHHHHHH “Through... 

HHHHLLHHHHHHHHHHHHHHHHH 

HHLLHLHHHHHHHHHHHHHHHHH 

HHHLHLHHHHHHHHHHHHHHHHH 

HHLHHLHHHHHHHHHHHHHHHHH 

HHHHHLHHHHHHHHHHHHHHHAN 

HHLLLHHHHHHHHHHHHHHHHHH 

HHH LLHHHHHHHHHHHHHHHHHH 

HHLHLHHHHHHHHHHHHHHHHHY 

HHHHLHHHHHHHHHHHHHHHHHH 

HHLLHHHHHRHHHHHHHHHHHHHH 

HHHLHHHHHHHHHHHHHHHHHHY 

HHLHHHHHHHHHHHHHHHHHHHH 

HHHHHHHHHHHHHHHHHHHHHHH “Count 15 hex” 
QUIT 


Figure 6.3 Gates Simulation Input File 
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PLHS501 Time = 13:59:42 Date = 9/14/1987 


< B,/B > < XOR > < /0,0 > TRACE TERMS 
222211111111111 
321098765432109876543210 76543210 76543210 76543210 


110000111111111111111111 HHLHLHLL LLHLLHHL LLHLHHLH 
111000111111111111111111 HLLHLHHL LLLHLHHL LHHLHLLH 
110100121111111111111111 HLLHLHHL LLLHLHHL LHHLHLLH 
111100111111111111111111 HLLLHHHL LLLHLHLH LHHHHLLL 
110010111111111111111111 HLLHLHHL LHLHLHHL LHHLHLLH 
111010111111111111111111 HLLHLHHL LHLHLHHL LHHLHLLH 
1202201211111121111111111 HLLHLHHL LHLHLHHL LHHLHLLH ; 
111110111111111111111111 HLLLHHHL LHLHLHLH LHHHHLLL 
110001111111111111111111 HLLHLHHL LHLHLHHL LHHLHLLH 
1110011211111111111111111 HLLHLHHL LHLHLHHL LHHLHLLH 
120101111111111111111111 HLLHLHHL LHLHLHHL LHHLHLLH 
111101111111111111111111 HLLLHHHL LHLHLHLH LHHHHLLL 
11002111221111111111111111 HLLLHHHL LLLHLHLH LHHHHLLL 
111011111111111111111111 HLLLHHHL LLLHLHLH LHHHHLLL 
110111111111111111111111 HLLLHHHL LLLHLHLH LHHHHLLL 
111111111111111111111111 HLHLHLHL LLLHHLLH LHLHHLHL 


I/O CONTROL LINES 
Q0000000 DESIGNATED I/O USAGE 
00000000 ACTUAL I/O USAGE 


PINLIST... 

14 13 12 11 10 09 07 06 05 04 03 O02 01 52 51 50 49 48 47 45 44 43 42 41 
18 17 16 15 40 39 38 37 36 35 33 32 31 30 29 28 

27 26 25 24 23 22 21 19 ; 


Figure 6.4 Gates Simulation Log File 
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8-BIT BARREL SHIFTER 


This 8-bit shifter will shift to the right, data Bite Name <2 Seb aned 


Date : 9/15/1987 


applied to A7 — AQ with the result appearing Time =: 9:31:58 

on OUT7 — OUTO. Data may be shifted by 1 

to 7 places by indicating the desired binary #HHHPHHRREREHHHEHE P IN LIS T ##etteeeettt et tae 
count on pins SHIFT2 ~ SHIFTO. Data 
applied to the OUTO position for a shift of 1. Left Right 
For a shift of 0, A7 will appear on OUT7. ENG Sean eae Eieee 


+5V **  8-] {-46 ** vcc 
ke Qe] {\-45 ** N/C 
** 10-| |-44 ** N/C 
#11 =| }-43 ** N/C 
** 12-| |-42 ** N/C 
ee 13-'| {1-41 ** N/C 
ae, 14= | |-40 ** LO 
RE TS =| |-39 ** Li 
** 16-| |-38 ** L2 
** 17-1 |-37 ** L3 
** 18-| |-36 ** ouT? 
x* 19-| |-35 ** OUTE 
** 20-| |-34 ** GND 


Also included is a transparent latch for the 
output bits. The input ‘COMPLMTO' will invert 
all output bits simultaneously and input /OE 
will 3-State all outputs. 


I 
I 
I 
rT 
rE 
I 
0 
° 
oO 
0 
0 
0 


Bottom Top 
LABEL **PIN PIN** LABEL 
N/C xk 21-| JS ek Al 

N/C *x* 22-| 1 ax AO 

N/C ** 23-| j- xe SHIFT2 
N/C ** 24-| |- ** SHIFT1 
N/C é ** 25-| |- ax SHIFTO 
N/C x* 26-| |- xx COMP LMTO 
N/C ** 27-| |- 1 ** /LE 
ouTO xx 28-| [-52 ** /OE 
OUTL ** 29-| {-51 ** N/C 
OUT2 xx 30-| {1-50 ** N/C 
OUT3 ee 31S || [=49-*% N/c 
OuUT4 ** 32-| |-48 ** N/C 
OUTS ** 33-} |-47 ** N/C 


Zz 
a 


HHA HHH AAA OY 


Figure 6.5 Barrel Shifter Pin List 








ILL 
Hn 


ALE 
COMPLMTO 








Figure 6.6 8-Bit Barrel Shifter Schematic 
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File Name : BRLSHFT 
Date : 9/15/1987 
Time : 9:32:14 


@DEVICE TYPE 
PLHS501 
@DRAWING 
@REVISION 
@DATE 
@SYMBOL 
@COMPANY 
@NAME 
@DESTRIPTION 


8 Bit Barrel Shifter 
with 3-state latched outputs 


@INTERNAL NODE 
nod1,nod2,nod3,nod4,nod5,nod6,nod7, nod8; 

nod9, nod10, nod11, nod12, nod13,nod14, nod15,nod16; 
nod17,n0d18,no0d19,nod20, nod21, nod22, nod23, nod24; 
nod25,nod26, nod27, nod28, nod29, nod30, nod31,nod32; 
13,42; 21,.10; 

@COMMON PRODUCT TERM 

roto /shift2 /shiftl * /shift0; 

rotl /shift2 /shiftl shift0; 

rot2 /shift2 shiftl /shifto; 

rot3 /shift2 shiftl shift0; 

rot4 shift2 /shiftl /shifto; 

rots shift2 /shiftl shift0; 

roté shift2 shiftl /shifto; 

rot7 shift2 shiftl shift0; 

@I/O DIRECTION 

xed oe; 

xel oe; 

xe2 oe; 

xe3 oe; 

@I/O STEERING 

@LOGIC EQUATION 


rerun unt 


+ ee FH HH 


* rot0d 

* rotl /le 
*- rot2 Jie 
* rot3 ‘Sle 
* rot4 /ie 
* rot5 /ie 
* roté /le 
* rot7T /le 
* (1713 


++eeetetst 


/le 
/le 
/le 
/le 
/lie 
/ie 
/le 
/le 


roto 
rotl 
“rot2 
rot3 
rot4 
rots 
roté 
rot7 
/16); 


t+ + & & & H HF H 
ee ee eH 
+eteeeett 


roto /ie 
rotl /le 
rot2 /le 
rot3 /le 
rot4 /le 
rots /le 
roté /le 
rot? /le 
/15); 


He eH HH HF 
teehee eH H+ 


roto 


7 /le 
a3 * rotl 

* 

* 


* 

* /le 
rot2 * /le 

* fle 


Figure 6.7 Barrel Shifter Boolean Equations 


a2 


al rot3 
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rot4 /le 
rot5 /le 
rot6 /lie 
rot7 /le 
/14);3 


nodl 
nod2 
nod3 
nod4 
nod5 
nod6 


* roto /le]; 
{a2 * rotl /lej; 
{al * rot2 /le); 
{a0 * rot3 /le); 
[a7 * rot4 /le); 
{a6 * rot5 /lej; 
nod7 {a5 * roté /lel; 
nods [a4 * rot? /le); 
i3 = [le *13); 


iow ud mou aod 


= /{((/nod1*/nod2*/nod3*/nod4*/nod5*/nod6*/nod7*/nod8*/i3]); 


nod9 = [a2 
nodl0= [al 
nodll= [a0 
nod12= [a7 
nod13= [a6 
nod1l4= [a5 


rota 
rotl 


* fle); 
* /lel; 
rot2 * /le]; 
rot3 * /le); 
rot4 * /lej; 

rot5 * /le]; 
nod1i5= [a4 rot6é * /le); 
nod16= [a3 rot7 * /le); 
i2 = {le * 12]; 


4 + 4 HH HH OH 


= /([/nod9*/nod10*/nod11*/nod12* /nod13*/nod14*/nod15*/nod16*/i2])); 


nodl7= [al 
nod18= [a0 
nod19= [a7 
nod20= [a6 
nod21l= [a5 


roto 
rotl 
rot2 
rot3 
rot4 


/le); 
/lel; 
/lej; 
/lel; 
/lel; 
/le}; 
/le]; 
/le)? 


nod23= [a3 
nod24= [a2 
il = {le * 


rot6é 
rot7 
1]; 


+ % + HE HH 


* 
* 
* 
* 
* 
nod22= [a4 * rot5 
* 
* 
1 


= /([/nod17*/nod18*/nod19*/nod20*/nod21*/nod22*/nod23*/nod24*/il]); 


nod25= [a0 
nod26= [a7 
nod27= [a6 rot2 
nod28= [a5 rot3 


* roto 
* 
* 
* 
nod29= [a4 * rot4 
* 
* 
* 
1 


rotl 


/lel; 
/lel; 
/le]; 
/lel; 
/lel; 
/le]; 
/le); 
/le]; 


nod30= [a3 rots 
nod3l= [a2 rot6 
nod32= [al rot? 
i0 = [le * 10]; 


% ee + H HF H OK 


= /((/nod25*/nod26*/nod27*/nod28*/nod29* /nod30*/nod31*/nod32*/i0)); 


out7 : xrl 
xr2 
out6 : xrl 
xr2 
outS : xrl 
xr2 
out4 : xrl 
xr2 
out3 : xrl 
xr2 
out2 : xrl 
xr2 
outl : xrl 
xr2 
outO : xrl 
xr2 


/17; 
complmto; 
/16; 
complmto; 
/15; 
complmto; 
/14; 
complmto; 
/13; 
complmto; 
/12; 
complmto; 
/1l; 
complmto; 
/10; 
complmto; 


tout t bot ot tb ot ob ow ot on mont 





Figure 6.7 Barrel Shifter Boolean Equations (Continued) 
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“Simulation input for BRLSHFT 
INPUTS 


hhbhhhhh111llhlhhhhhhhhhh 
hlhlhihl1llilhihhhhhhhhhh 
Thlhlhlhllllhihhhhhhhhhh 
1111111h1111hlhbhhhhhhhh 
1111111h11hihlhbhhhhhhhhh 
1111111h1h11lhlhhhhhhhhhh 
1111111h1hbhlhlhbhhhhhhhhh 
1111111hh111hihhhhhbhhhh 
111111 1hhihlhlhhbhhhhhhh 
111111 12hhh1lhlhhhhhhhhhh 
1111111 hhbhhlhlhhbhhhhhhh 
1111hhhhhl1llhlhhhhhhhhhh 
hlhlhlhlllhlhlbhhhhhhhhh 
1111111111112h1lhhhbhhhhhh 
11111111111 hhlhhbhhhhbhhh 
1111hhhh1llilhlhhhhhhhhhh 
hlhlhlhl1111111hhhhhhhhhh 
1111111h111111hhhbhhhhhhh 
111111h1111111hhhhhhhhhh 
11111h1111111 1hhhhhhhhhh 
1111h111111111hhbhhhhhhhh 
111h1111111111hhhhhhhhhh 
11h11111111111hbhhhhhhhh 
12h111111111111hhhhhhhhhh 
h1111111111111hhhhhhhhhh 
11111111111 1h1hhhbhhhhhh 
111111111111 hhhhhhhhhhhh 
QUIT 


Figure 6.8 Barrel Shifter Simulation Input File 


June 1988 


un 
u 
u 
un 
“ 
w 


“ 


“Shift4 - Input OF” 
“Shiftl - Input AA” 
“shiftO - Input 00” 
“Complement output” 
“ShiftO - Input OF” 
“start latch test” 

“continue... 


“un-latch output” 
‘“3-state outputs” 
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PLHS501 BRLSHFT Time = 14:12:36 Date = 9/14/1987 
INPUTS < B,/B > < XOR > < /0,0 > TRACE TERMS 
222211111111111 
* 321098765432109876543210 76543210 76543210 76543210 
nu 
000000000000101111111111 HHHHLLLL LLLLLLLL LLLLHHHH 
111111110000101111111111 LLLLHHHH HHHHHHHH LLLLHHHH 
101010100000101111111111 LHLHLHLH HLHLHLHL LLLLHHHH 
010101010000101111111111 HLHLHLHL LHLHLHLH LLLLHHHH 
000000010000101111111111 HHHHHLLL LLLLLLLH LLLLHHHH 
000000010010101111111111 HHHHLHLL LLLLLLHL LLLLHHHH 
000000010100101111111111 HHHHLHHL LLLLLHLL LLLLHHHH 
000000010110101111111111 HHHHLLLH LLLLHLLL LLLLHHHH 
000000011000101111111111 HHHLLLLL LLLHLLLL LLLLHHHH 
000000011010101111111111 HHLHLLLL LLHLLLLL LLLLHHHH 
000000011100101111111111 HLHHLLLL LHLLLLLL LLLLHHHH 
000000011110101211111111 LHHHLLLL HLLLLLLL LLLLHHHH 
000011111000101111111111 LLLLLLLL HHHHLLLL LLLLHHHH 
101010100010101111111111 HLHLHLHL LHLHLHLH LLLLHHHH 
000000000000101111111111 HHHHLLLL LLLLLLLL: LLLLHHHH 
000000000001101111111111 HHHHLLLL HHHHHHHH LLLLHHHH 
000011110000101111111111 HHHHHHHH LLLLHHHH LLLLHHHH 
101010100000001111111111 HHHHHHHH LLLLHHHH LLLLHHHH 
000000010000001111111111 HHHHHHHH LLLLHHHH LLLLHHHH 
000000100000001111111111 HHHHHHHH LLLLHHHH LLLLHHHH 
000001000000001111111111 HHHHHHHH LLLLHHHH LLLLHHHH 
000010000000001111111111 HHHHHHHH LLLLHHHH LLLLHHHH 
000100000000001111111111 HHHHHHHH LLLLHHHH LLLLHHBH 
001000000000001111111111 HHHHHHHH LLLLHHHH LLLLHHBH 
010000000000001111111111 HHHHHHHH LLLLHHHH LLLLHHHH 
100000000000001111111111 HHHHHHHH LLLLHHHH LLLLHHHH 
000000000000101111111111 HHHHLLLL LLLLLLLL LLLLHHHH 
000000000000111111111111 HHHHLLLL ........ LLLLHHHH 


Se Se Me Me Ne Se Ne 


Me Ne Ne Se Ma Me 


, 
, 
, 
, 


Na Ne Ne Ne Ne Ne 


Ne Ne Ne Ne te 


I/O CONTROL LINES 
00000000 DESIGNATED I/O USAGE 
90000000 ACTUAL I/O USAGE 


PINLIST... 

14 13 12 11 10 09 O07 06 05 04 03 02 01 52 51 50 49 48 47 45 44 43 42 41 
18 17 16 15 40 39 38 37 36 35 33 32 31 30 29 28 

27 26 25 24 23 22 2119; 





Figure 6.9 Barrel Shifter Simulation Log File 
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12-BIT COMPARATOR WITH 


Bee eee DUAL 1-OF-8 DECODERS 
Time : 9:36:0 Two functions that are very often associated 
with controlling !/O parts are address 
HHRHHRHHESEH HEHEHE P IN LS T ###8hdhee Reese et comparison and address decoding. In this 
example, both functions are programmed into 
rs or a eee pact a PLHS501 using 52 out of the 72 foldback 
+5V **  B-| +5V vec NAND Terms. 
IC ** 9-| I A4 The comparator compares 12 bits on inputs 
= - te . : ss A11 — AO to inputs B11 — BO when the input 
I **12-] OL I Al ‘ENCMP' is High. Output ‘CMPOUT will 
I ** 13-| 8 I AO become Active-Low when all 12 bits of the A 
I ** 14-| Ss /O CMPOUT input match the B. Selection between the two 
IU ** 15-| 5 I DA2 decoders is done with input ‘R/W'. Only one 
I ** 16-| 0 I DA1 output may be active (Low) at a time. 
: ie ne 1 - oe Although currently separate functions, the 
0 ** 19-| 0 R6 decoder enable may be derived internally 
OV ** 20-] OV GND from ‘CMPOUT' freeing 2 bidirectional pins 


which together with available foldback NAND 
terms, may be used to incorporate a third 


function. 
*x*PIN 


x* 21-| 
x* 22-| 
** 23-| 
xe 24-| 
** 25-] 
x* 26-| 
x* 27-| 
** 28-| 
** 29-| 
** 30-| 
x* 31-| 
x* 32-| 
xe 33-4 


2 
a 


COMPARE CMPOUT 


HHHHAHHHHHHRHARa 


Figure 6.10 12-Bit Comparator Pin List 





10F 8 
DECODERS 


DCDREN 


Figure 6.11 12-Bit Comparator with 
Dual 1 — 8 Decoders Block Diagram 
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File Name : 12BITCMP 
Date : 9/15/1987 
Time : 9:36:17 


Q@DEVICE TYPE 
PLHS501 
@DRAWING 
@REVISION 
Q@DATE 
@SYMBOL 
@COMPANY 
@NAME 
@DESCRIPTION 


12-bit address comparator and dual 1 of 8 decoders 


@INTERNAL NODE 

axb0,axbl, axb2,axb3,axb4,axb5, axb6; 
axb7,axb8, axb9,axb10,axbll; 
@COMMON PRODUCT TERM 
ad0Q=/da2*/dal*/da0*dcdren; 
adl=/da2*/dal* da0*dcdren; 
ad2=/da2* dal*/da0*dcdren; 
ad3=/da2* dal* da0*dcdren; 
ad4= da2*/dal*/da0*dcdren; 
adS5= da2*/dal* da0*dcdren; 
ad6= da2* dal*/da0*dcdren; 
ad7= da2* dal* da0*dcdren; 
@I/O DIRECTION 

@I/O STEERING 

@LOGIC EQUATION 


“12-Bit Address Comparator” 


a0*/b0 /a0*b0; 
al*/bl /al*bi; 
a2*/b2 /a2*b2; 
a3*/b3 /a3*b3; 
a4*/b4 /a4*b4; 
a5*/b5 /a5*b5; 
a6*/b6 /a6*b6; 
a7*/b7 /al*b7; 
axb8 a8*/b8 /a8*b8; 
axb9 a9*/b9 + /a9*b9; 
axb10 = al0*/b10 + /al10*b10; 
axbll = al1*/bll + /al1*b11; 


axb0 
axbl 
axb2 
axb3 
axb4 
axb5 
axb6 
axb? 


+e ee eeeet 


Hoeuob de neu tb ou 


empout = /(/axb0*/axbl*/axb2*/axb3*/axb4*/axb5*/axb6*/axb7*/axb8*/axb9* 
/axb10*/axbll*encomp) ; 


“Dual 1 of 8 decoders 


- da2-da0 are address inputs 

- dedren is an enable input 

~ rw selects which group of 8 outputs r7-r0 or w7-w0 
will have the decided active low output” 


wl 
w6 
wS 
w4 
w3 
w2 
wl 
w0 


/ (ad7*/rw); 
/ (ad6*/rw); 
/(adS*/rw) ; 
/ (ad4*/rw); 
/(ad3*/rw); 
/{(ad2*/rw); 
/(ad1*/rw); 
/ (ad0*/rw); 


/(ad7* rw); 
/(ad6* rw); 
/(ad5S* rw); 
/(ad4* rw); 
/(ad3* rw); 
/(ad2* rw); 
/{ad1l* rw); 
/(adO* rw); 


r7 
r6 
r5 
r4 
x3 
r2 
rl 
r0 


tot to bot women 





Figure 6.12 12-Bit Comparator Boolean Equations 
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Simulation inputs for 12BITCMP 

= INPUTS 

“ 2222HHHHHHHHHHH 

“ 32HL98765432HL98765432HL 765432HL 

ww 
LLLLLLLLLLLLLLLLLLLLLLLL -LLL-LLL “disable comp” 
LLLLLLLLLLLLLLLLLLLLLLLL -LLH-LLL “enable comp” 
HLHLHLHLHLHLHLHLHLHLHLHL -LLH-LLL “comp AA” 
LHLHLHLHLHLHLHLHLHLHLHLH -LLH-LLL “comp 55” 
HHHHHHHHHHHHHHHHHHHHHHHH -LLH-LLL “comp FF” 
HHHHHHHHHHHHLHHHHHHHHHHH -LLH-LLL “A not equal B” 
LLLLLLLLLLLLLLLLLLLLLLLL ~-LHL-LLL “enable decoder 
LLLLLLLLLLLLLLLLLLLLLLLL -HHL-LLL “enable decoder 
LLLLLLLLLLLLLLLLLLLLLLLL -HHL-LLH “count 1” 
LLLLLLLLLLLLLLLLLLLLLLLL ~HHL-LHL 2” 
LLLLLLLLLLLLLLLLLLLLLLLL ~HHL-LHH a3? 
LLLLLLLLLLLLLLLLLLLLLLLL -HHL-HLL 4” 
LLLLLLLLLLLLLLLLLLLLLLLL -HHL-HLH 5” 
LLLLLLLLLLLLLLLLLLLLLLLL -HHL-HHL 6” 
LLLLLLLLLLLLLLLLLLLLLLLL -HHL-HHH 1% 
LLLLLLLLLLLLLLLLLLLLLLLL -LHL~HHH “enable decoder 

QUIT 


Figure 6.13 12-Bit Comparator Simulation Input File 


PLHSSO1 12BITCMP Time = 15:0:58 Date = 9/14/1987 

“ 

> < B,/B > < XOR > < /0,0 > TRACE TERMS 

* 222211111111111 

“ 321098765432109876543210 76543210 76543210 76543210 
000000000000000000000000 HOOOHOOO HHHHHHHH HHHHHHHH 
000000000000000000000000 HOO1L000 HHHHHHHH HHHHHHHH 
101010101010101010101010 H001L000 HHHHHHHH HHHHHHHH 
010101010101010101010101 HOO1L000 HHHHHHHH HHHHHHHH 
111111111111111111111111 HOO1L000 HHHHHHHH HHHHHHHH 
111111111111011111111111 HO01HO00 HHHHHHHH HHHHHHHH 
000000000000000000000000 HO10HO00 HHHHHHHH HHHHHHHL 
000000000000000000000000 H110HO00 HHHHHHHL HHHHHHHH 
000000000000000000000000 H110H001 HHHHHHLH HHHHHHHH 
000000000000000000000000 H110HO10 HHHHHLHH HHHHHHHH 
000000000000000000000000 H110H011 HHHHLHHH HHHHHHHH 
000000000000000000000000 H110H100 HHHLHHHH HHHHHHHH 
000000000000000000000000 H110H101 HHLHHHHH HHHHHHHH 
000000000000000000000000 H110H110 HLHHHHHH HHHHHHHH 
000000000000000000000000 H110H111 LHHHHHHH HHHHHHHH 
000000000000000000000000 H010H111 HHHHHHHH LHHHHHHH 


‘ 


Ne Se Se Ne Me Ne 


2 Ne 


I/O CONTROL LINES 
OTTIOIII DESIGNATED I/O USAGE 
OITIOIII ACTUAL I/O USAGE 


PINLIST... 

14 13 12 11 10 09 07 06 05 04 03 02 01 52 51 50 49 48 47 45 44 43 42 41 
18 17 16 15 40 39 38 37 36 35 33 32 31 30 29 28 

27 26 25 24 23 22 2119; 


Figure 6.14 12-Bit Comparator Simulation Log File 
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8-BIT CARRY LOOK-AHEAD 


File Name : 8BITADDR 

ADDER Date : 9/15/1987 
This function may be used as part of an ALU Time : 9:37:21 
design or simply to off-load a microprocessor. 
Figure 6.16 is a block diagram showing the HHRAHERHRRRRRRRHE DP IN LIS T ##teee erage ate tt tt 
individual components needed for each bit. 

. . . Left Right 
A carry input (CO) is provided along with a LABEL **PIN PIN** LABEL 
carry output (C8). The result of an addition vec +5V ** B-| |-46 ** vec 
between the inputs A7 — AO and B7 — BO A2 ae ee N/C 
occurs on outputs SUM7 — SUMO. A3 10-| |~44 Nie 


N/C 
N/C 
N/C 
N/C 
N/C 
N/C 
N/C 
SUM7 
SUM6 
GND 


** 11-| [-43 ** 
** 12-]| |-42 xk 
** 13-| I-41 ** 
xk 14-| }-40 ** 
xk 15-| |-39 xk 
kk 16-| |-38 ** 
** 17-| |-37 ** 
** 18-| |-36 ** 
** 19-| |-35 ** 
** 20-| 1-34 


A4 
AS 
A6 
Al 
N/C 
N/C 
N/C 
N/C 
c8 
GND 


OOOH HHNHHHRHH 
oO 


I 
I 
I 
I 
I 
I 
B 
B 
B 
B 
0 
0 


< 


Bottom Top 
LABEL S*PIN LABEL 
N/C ee 214 Al 
N/C BF 22= || AO 
N/C we 23 =| B7 
N/C ** 24-| B6 
N/C ee 29-1 BS 
N/C ** 26-| B4 
N/C x* 27-| B3 
SUMO Fx 28> B2 
SUM1 ee 29- | f=51 Bl 
SUM2 xx 30-| |-50 BO 
SUM3 RTA }-49 co 
SUM4 ** 32-| |-48 N/C 
SUM5 ** 33-] |-47 N/C 


Zz 
Q 


|-52 


PowmuNmrE' 
HHA AHH AWWA aR SY 


Figure 6.15 8-Bit Adder Pin List 





ADDEND 
AUGEND 


LEVEL-O FUNCTIONS 


P7 G6 GS PS 
5 


LEVEL-1 

AUXILIARY 
p2 FUNCTIONS 
9 7 


CARRY 
INFORMATION 
co 


AUGEND 


G1' = G4 + P4 * G3 + P4*P3°G2+P4*P3°P2°G1; C1=G1+P1°C0; 
P1'=P4*P3°*P2* PI C2 = G2+ P2* Gt + P2*P1° CO; 
G2' = G8 + P8 * G7 + P8*P7° G6 +P8* P7* P6 * G5; C3 = G3+P3* G2+P3*P2°G1+P3°P2°*P1* C0; 
P2' = P8*P7*P6° PS C4 = Gi'+ P1'* CO; 
C5 = G5+P5°*G1'+P5 * P1’* CO; 
C6 = G6 + P6* G5 + P6* P5* G1'+P6* PS * P1'* CO; 
C7 =G7+P7°G6+P7°P6°G5+P7°P6°P5*°G1'+P7*P6*P5* P1'* CO; 
C8 = G2' + P2'* G1'+ P2'* P1°* CO; 





Figure 6.16 8-Bit Carry Look-Ahead Adder Block Diagram and Equations 
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File name : 8BITADDR = /(a5*b5); 
Date : 9/15/1987 = /(/a5*/b5); 
Time : 9:37:36 = /gn6; 
@DEVICE TYPE 
PLHS501 gn7 = /(a6*b6); 
@DRAWING p7 = /(/a6*/b6); 
@REVISION g7 = /gni; 
Q@DATE 
@SYMBOL gn8 = /(a7*b7); 
@COMPANY p8 = /(/a7*/b7); 
@NAME g8 = /gn8; 
@DESCRIPTION 
8 Bit Carry Look-Ahead Adder “level-1 functions” 
gl_1 = g4 + p4*g3 + p4*p3*g2 + p4*p3*p2*gl; 
@INTERNAL NODE g2_1 = g8 + p8*g7 + p8*p7*g6 + p8*p7*pb6*g5; 
g8, gl, g2, g3, 94, g5, 96, g7; 
p8, pl, p2, p3, p4, pS, pb, pT; “carry information” 
gn8,gnl,gn2,gn3,gn4,gn5,gn6,gn7; cl = gl + pl*c0; 
e1,c2,c3,c4,c5,c6,c7; c2 = g2 + p2*gl + p2*pl*c0; 
gl1_1,g2_1; c3 = g3 + p3*g2 + p3*p2*gl + p3*p2*pl*c0; 
@COMMON PRODUCT TERM c4 = gl_1 + p4*p3*p2*pl1*c0; 
@I/O DIRECTION c5 = g5 + p5*gl_1 + p5*p4*p3*p2*p1*c0; 
@I/O STEERING c6 = g6 + pé*g5 + pé*pS*gl_ 1 + p6*p5*p4*p3*p2*pl*c0; 
@LOGIC EQUATION c7T = gi + p7*g6 + p7*p6*g5 + p7*p6*p5*gl 1 + 
Pp?7*p6*p5*p4*p3*p2*pl*c0; 
“level-0 functions” c8 g2_1 + p8*p7*p6*p5*gl_1 + p8*p7*p6*p5*p4*p3*p2*pl *c0; 
gnl = /(a0*b0); 
pl /(/a0*/b0); “addition functions” 
gl /gnl; sum0 : xrl = cO; 
xr2 = pl * gnl; 
gn2 = /(al*bl); suml xrl cl; 
p2 /(/al*/b1);3 xr2 p2 * 
/gn2; sum2 xrl c2; 
xr2 p3 * 
/(a2*b2); sum3 xrl c3; 
= /(/a2*/b2); xr2 p4 * 
/gn3; sum4 xrl c4; 
xr2 ps * 
/ (a3*b3); sum5 xrl = cS; 
= /(/a3*/b3); xr2 p6 * 
/gn4; sum6 xrl c6; 
xr2 p7 * 
gn5 = /(a4*b4); sum7 xrl cl; 
pS = /(/a4*/b4); xr2 = p8& * 
gS = /gn5; 


g2 = 


tou a 


Figure 6.17 8-Bit Adder Boolean 
Equations 


2222HHHHHHHHHH1 
321098765432109876543210 76543210 


LLLLLLLLLLLLLLLLLHHHHHHH + 0” 
HHHHHHHLLLLLLLLHLHHHHHHH “O + FF” 
HHHHHHHLLLLLLLHLLHHHHHHH “1, + FE? 
LHHHHHHHLLLLLLLLHHHHHHHH “0 + 7F + CARRY IN” 
HLHLHLHLLHLHLHLHLHHHHHHH “AA: +99” 
HLHLHLHLLHLHLHLHHHHHHHHH “AA + 55 + CARRY IN” 
LLHHHHHHLLLHHHHHLHHHHHHH S3EF sb 1lE”% 

QUIT 


Figure 6.18 8-Bit Adder Simulation Input File 
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PLHS501 8BITADDR Time = 15:41:33 Date = 9/14/1987. 
ww 
= < B,/B > < XOR > < /0,0 > TRACE TERMS 
222211111111111 
321098765432109876543210 76543210 76543210 76543210 


000000000000000001111111 HHHHLLLL LLLLLLLL LLLLHHHL 
111111100000000101111111 HHHHLLLL HHHHHHHH LLLLHHHL 
111111100000001001111111 HHHHLLLL LLLLLLLL LLLLHHHH 
011111110000000011111111 HHHHLLLL HLLLLLLL LLLLHHHL 
101010100101010101111111 HHHHLLLL HHHHHHHH LLLLHHHL 
101010100101010111111111 HHHHLLLL LLLLLLLL LLLLHHHH 
00211112110001111101111111 HHHHLLLL LHLHHHHL LLLLHHHL 


I/O CONTROL LINES 
00000000 DESIGNATED I/O USAGE 
00000000 ACTUAL I/O USAGE 


PINLIST... 

14 13 12 11 10 09 07 06 05 04 03 02 01 52 51 50 49 48 47 45 44 43 42 41 
18 17 16 15 40 39 38 37 36 35 33 32 31 30 29 28 

27 26 25 24 23 22 21 19; 


Figure 6.19 8-Bit Adder Simulation Log File 
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32- to 5-BIT PRIORITY ENCODER 


File Name : ENCODER This relatively simple example demonstrates 
Bete tee the capability of the PLHS501 to be 
Time : 9:38:43 ; : 

. programmed with functions that are not 
#RHHHEHSHRHAHHHHH POTN LIS T ####HHRERRRRRE EES available in ‘standard’ device libraries. The 

equations may look difficult at first glance. 

Left Right However, there is a pattern to the encoding. 
LABEL FNC **PIN LABEL Referring to figure 6.21, Lab4 — Lab1 are 
oe +5V He S po LS terms that are common to several outputs 
T19N «* 10-| 13N (A4n — AOn). Separating them from the main 
I20N ** 11-| T2N equations allows a total reduction in the 
I21N ** 12-1 I1N numbers of gates used. 


I22N 
I23N 
I24N 
I25N 
I26N 
I27N 
N/C 

GND 


x* 13-| 
xk 14-| 
xe 15-| 
x* 16-| 
** 17-| 
** 18-| 
x* 19-| 
** 20-] 


ION 
I31N 
I30N 
I29N 
I28N 
N/C 
A4N 


SCOHHHHHHHHHH 
POOH HHHHHHHH 


32 to 5 
PRIORITY 
ENCODER 


Bottom 

LABEL **PIN PIN** 
N/C ex 21>). > I- 7 ** 
N/C e227] |= 6 o** 
n/c *# 23> | peas. ee 
n/c we 24= | I- 4 ** 
N/C K-25 3 \e- 3. ex 
N/C ** 26-| fate ee 
N/C eo [eo ** 
GSN ** 28-| |-52 ** 
EON xk 29-{ |-51 ** 
AON *x* 30-| }-50 ** 
A1N ** 31-| 1-49 ** 
A2N ** 32-| 1-48 ** 
A3N ** 33-| |\-47 ** 


z 
Q 


Figure 6.21 32 to 5 Priority Encoder 
Block Diagram 





HHHHHRHHH HAR 


Figure 6.20 Encoder Pin List 
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File Name : ENCODER 
Date : 9/15/1987 
Time : 9:39:1 


@DEVICE TYPE 

PLHSS501 

@DRAWING 

@REVISION 

@DATE 

@SYMBOL 

@COMPANY 

@NAME 

@DESCRIPTION 

32 TO 5 PRIORITY ENCODER 


@COMMON PRODUT TERM 

eptl = i26n*i27n*i28n*i29n*i30n*i3l1n; 
ept2 = i20n*i21n*i22n*i23n*i24n*i25n; 
ept3 = i14n*il5n*il6n*il7n*il8n*il9n; 
ept4 = i8n*i9n*il0n*ilin*il2n*il3n; 


@INTERNAL NODE 
eo labl lab2 lab3 lab4 
@I/O DIRECITON 
@I/O STEERING 


@LOGIC EQUATION 

labl = 7i31n 

[/27n*i28n*i29n*i30n*i31n]) 

{/i23n*i24n*i25n*cpt1] 

{/i9n*cpt2*cpt1l] 

(/il5n*il6n*il7n*il8n*ilIn*cpt2*cpt1] 

(/ilin*il2n*il3n*cpt3*cpt2*cpti] 

{[/i7?n*cpt4*cpt3*cpt2*cpt1] 

[/i3n*i4n*iSn*i6n*i7n*cpt4*cpt3*cpt2*cpt1]); 

[/i23n*i24n*i25n*cpt1] 

[/i22n*i23n*i24n*i25n*cpt1l] 

{/i21n*i22n*i23n*i24n*i25n*cpt1] 

[/i20n*i21n*i22n*i23n*i24n*i25n*cpt1]); 

{/i15n*il6n*il7n*il8n*il9n*cpt2*cpt1] 

{/il4n*il5n*il6n*il7n*il8n*il9n*cpt2*cpt1]) 

(/il3n*cpt3*cpt2*cpt1]} 

(/il2n*il3n*cpt3*cpt2*cpti)); 

/i3l1n 

{/i30n*i31n) 

(/i29n*i30n*i31n] 

(/i28n*i29n*i30n*i3in]) 

[/i27n*i28n*i29n*i30n*i3in]) 

[/i26n*i27n*i28n*i29n*i30n*i3ln] 

{/i25n*cpt1} 

(/i24n*i25n*cptl}); 

= /(iOn*iln*i2n*i3n*i4n*idn*i6n*iln 
*i8n*i9n*il0n*ilin*il2n*il3n*il4n*il5n 
*i16n*il7n*il8n*ilIn*i20On*i2in*i22n*i23n 
*i24n*i25n*cptl); 


+e eet teantg gent tetngttetttar 


+ 





Figure 6.22 Encoder Boolean Equations 
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labl 

[/i129n*i30n*i3ln) 

(/i25n*cpt1]) 
[/i21n*i22n*i23n*i24n*i25n*cpt1] 
[/i17n*i18n*i19n*cpt2*cpt1] 
[/il3n*cpt3*cpt2*cpt1) 
(/i9n*il0n*illn*il2n*il3n*cpt3*cpt2*cpt1]} 
(/iSn*ié6n*iln*cpt4*cpt3*cpt2*cpt1] 
[/iln*i2n*i3n*i4n*iSn*ién*itn*cpt4*cpt3*cpt2*cptl]); 
labl 

(/i30n*i31n] 
{/i26n*i27n*i28n*i29n*i30n*i31n) 
[/i22n*i23n*i24n*i25n*cpt1] 
[/i18n*i19n*cpt2*cpt1)j 
(/i14n*i15n*il6n*il7n*il8n*il9n*cpt2*cpt1]j 
(/i10n*ilin*il2n*il3n*cpt3*cpt2*cpt1) 
[/i6n*i?n*cpt4*cpt3*cpt2*cptl] 
[/i2n*i3n*i4n*iSn*ién*itn*cpt4*cpt3*cpt2*cpt1]); 
7i31n 

(/i30n*i31n] 

(/i29n*i30n*i31n] 

[/i28n*i29n*i30n*i31n] 

lab2 

lab3 

[/i7?n*cpt4*cpt3*cpt2*cptl1] 
(/i6n*i7n*cpt4*cpt3*cpt2*cpt1] 
{[/iSn*i6n*i7n*cpt4*cpt3*cpt2*cpti1]) 
[/i4n*iSn*ié6n*itn*cpt4*cpt3*cpt2*cptl1]); 
lab4 

lab3 

(/i11n*il2n*il3n*cpt3*cpt2*cpt1] 
(/i10n*illn*il2n*il3n*cpt3*cpt2*cpt1] 
[/i9n*ilOn*ilin*il2n*il3n*cpt3*cpt2*cpt1] 
[/i8n*i9n*il0n*illn*il2n*il3n*cpt3*cpt2*cptl1])); 
lab4 

lab2 

{/i19n*cpt2*cpt1] 

[/i18n*il9n*cpt2*cpt1] 
[/i17n*i18n*il9n*cpt2*cpt1] 
[/il6n*il7n*il8n*il9n*cpt2*cptl}); 


Figure 6.22 Encoder Boolean Equations (Continued) 
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“ 32 to 5 Priority Encoder Simulation Input 

“ 
HHHHHHHHHHHHHHHHHHHHHHHH KHHHHHHH “Inputs all high” 
HHHHHHHHHHHHHHHHHHHHHHHH HHHHLHHH “I31 - LSB low” 
HHHHHHHHHHHHHHHHHHHHHHHL HHHHHHHH “IO = - MSB low” 
HHHHHHHHHHHHHHHAHHHHHAHH HHHHHLHH “130 low” 
HHHHHHHHHHHHHHHHHHHHHHHH HHHHHHLH “129” 
HHHHHHHHHHHHHHHHHHHHHHRHH HHHHHHHL “128” 
HHHHHHHHHHHHHHHHHHAHHHHH LHHHHHHH “127” 
HHHHHHHHHHHHHHHHHHHHHHHH HLHHHHHH “126” 
HHHHHHHHHHHHHHHHHHHHHHHH HHLHHHHH “125” 
HHHHHHHHHHHHHHHHRHHHHHHH HHHLHHHH “124” 
LHHHHHHHHHHHHHHHHHHHHHHH HHHHHHHH “123” 
HLHHHHHHHHHHHHHHHAAAHHHYH HHHHHHHH “122” 
HHLHHHHHHHHHHHHHHHHHHHHH HHHHHHHH “121” 
HHHLHHHHHHHHHHHHHHHHHHHH HHHHHHHH “120” 
HHHHLHHHHHHHHHHHHHHHHHHH HHHHHHHH “119” 
HHHHHLHHHHHHHHHHHHHHHHAH HHHHHHHH “118” 
HHHHHHLHHHHHHHHHHHHHHHHH HHHHHHHH “117” 
HHHHHHHLHHHHHHHHHHHHHHHH HHHHHHHH “116” 
HHHHHHHHLHHHHHHHHHHHHHHH HHHHHHHH “115” 
HHHHHHHHHLHHHHHHHHHHHHHH HHHHHHHH “114” 
HHHHHHHHHHLHHHHHHHHHHHHH HHHHHHHH “113” 
HHHHHHHHHHHLHHHHHHHRHHHHH BHHHHHHH “112” 
HHHHHHHHHHHHLHHHHHHHHHHH HHHHHHHH “111% 
HHHHHHHHHHHHHLHHHHHHRHHHH HHHHHHHH “110” 
HHHHHHHHHHHHHHLHHHHHHHHH HHHHHHHH “19” 
HHHHHHHHHHHHHHHLHHHHHHHH HHHHHHHH “18” 
HHHHHHHHHHHHHHHHLHHHHHHH HHHHHHHH “17” 
HHHHHHHHHHHHHHHHHLHHHHHH HHHHHHHH “16” 
HHHHHHHHHHHHHHHHHHLHHAHH HHHHHHHH “IS” 
HHHHHHHHHHHHHHHHHHHLHHHH HHHHHHHH “14” 
HHHHHHHHHHHHHHHHHHHHLHHH HHHHHHHH “13” 
HHHHHHHHHHHHHHHHHHHHHLHH HHHHHHHH “12” 
HHHHHHHHHHHHHHHHHHHHHHLH HHHHHHHH “11” 
HHHHHHHHHHHHHHHHHHHHHHHL HHHHHHHH “10” 
HHHHHHHHHHHHHHHHHHHHHHHH HHHHHHHH “ALL HIGH” 
LLLLLLLLLLLLLLLLLLLLLLLL LLLLLLLL “ALL LOW 
HHHLHHHLHHHHLHHHHLHHHLHH HHHLHHLH “Several simultaneously” 

QUIT 


Figure 6.23 Encoder Simulation Input File 
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PLHSSO1 ENCODER Time = 15:50:28 Date = 9/14/1987 
“ < B,/B > < XOR > < /0,0 > TRACE TERMS 
“ 222211111111111 , 

“ 321098765432109876543210 76543210 76543210 76543210 
111111111111111111111111 11111111 LHHHHHLH LLLLHHHH 
111111111111111111111111 11110111 LLLLLLHL LLLLHHHH 
111111111111111111111110 11111111 LHHHHHHL LLLLHHHH 
121111211111111111111111 11111011 LLLLLHHL LLLLHHHH 
121121211111211112111111111 11111101 LLLLHLHL LLLLHHHH 
1211111112121111111111111 11111110 LLLLHHHL LLLLHHHH 
121111111111111111111111 01111111 LLLHLLHL LLLLHHHH 
111111111111111111111111 10111111 LLLHLHHL LLLLHHHH 
1111111221111211111111111 11011111 LLLHHLHL LLLLHHHH 
111111111111111111111111 11101111 LLLHHHHL LLLLHHHH 
021222212111111111111111111 11111111 LLHLLLHL LLLLHHHH 
101121111111111111111111 11111111 LLHLLHHL LLLLHHHH 
1101211111111111111111111 11111111 LLHLHLHL LLLLHHHH 
1110211221111111111111111 11111111 LLHLHHHL LLLLHHHH 
1111021111111111111111111 11111111 LLHHLLHL LLLLHHHH 
111110111111111111111111 11111111 LLHHLHHL LLLLHHHH 
111212102121111111111111111 11111111 LLHHHLHL LLLLHHHH 
111111101111111111111111 11111111 LLHHHHHL LLLLHHHH 
111111110111111111111111 11111111 LHLLLLHL LLLLHHHH 
112111111011111111111111 11111111 LHLLLHHL LLLLHHHH 
212111111101211111111111 11111111 LHLLHLHL LLLLHHHH 
111111211110111111111111 11111111 LHLLHHHL LLLLHHHH 
111111111111011111111111 11111111 LHLHLLHL LLLLHHHH 
111112111111101111111111 11111111 LHLHLHHL LLLLHHHH 
1212111112111212110111111111 11111111 LHLHHLHL LLLLHHHH 
112111111111111011111111 11111111 LHLHHHHL LLLLHHHH 
111111211111111101111111 11111111 LHHLLLHL LLLLHHHH 
1111111211111111110111111 11111111 LHHLLHHL LLLLHHHH 
111111211111111111011111 11111111 LHHLHLHL LLLLHHHH 
111111111111111111101111 11111111 LHHLHHHL LLLLHHHH 
12111122111211111111110111 11111111 LHHHLLHL LLLLHHHH 
1211111211111111111111011 11111111 LHHHLHHL LLLLHHHH 
121111112211111211111101 11111111 LHHHHLHL LLLLHHHH 
1211111112111111111111110 11111111 LHHHHHHL LLLLHHHH 
121111111121111111111111 11111111 LHRRHHLH LLLLHHHH 
000000000000000000000000 00000000 LLLLLLHL LLLLHHHH 
111011101111011110111011 11101101 LLLLHLHL LLLLHHHH 


I/O CONTROL LINES 
IIIIIIII DESIGNATED I/O USAGE 
ITIIIIII ACTUAL I/O USAGE 


PINLIST... 

14 13:12 11 10 09 07 06 05 04 03 02 01 52 51 50 49 48 47 45 44 43 42 41 
18 17 16 15 40 39 38 37 36 35 33 32 31 30 29 28 

27 26 25 24 23 22 21 19 ; 





Figure 6.24 Encoder Simulation Log File 
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8-BIT SHIFT REGISTER WITH 


SEQUENCE DETECTOR HEHHHHH HERP HTH HE P ION LIS T ##ttteeae eee a ae te 
This example demonstrates an application Left Right 
using D type edge-triggered flip-flops. Six LABEL FNC **PIN PIN** FNC ** LABEL 
NAND gates are used for each flip-flop vec +5V **  B-| 1-46 ** +5V ** VCC 
(Figure 3.2). Note that to add an N/C I xk Q-| {-45 ** I ** N/C 
asynchronous reset and/or set to any flip-flop Nn/C I ** 10-] {-44 ** To ** N/C 
requires no additional gates. Also, every N/C I ** 1i-| es a ue 
flip-flop must have a reset or set line to Bee . = . oa : es es 
initialize it. Without being initialized, the RST I o** 14-4 i-40 ** Jo. ** N/C 
simulator will not be able to determine the DET1 oO ** 15-} {-39 ** JO ** CQ? 
output states as it could power-up in either a DETIN Oo ** 16-} 1-38 ** /O ** CQl 
set or reset condition. An uninitialized flip-flop DET2 QO ** 17-4 |-37 ** /O ** CQOd 
will cause AMAZE 1.6 to display a message DET2N Oo ** 18-| 1-36 ** O ** O7 
indicating the outputs are not stabilized within N/C oO  ** 19-] |-35 ** O ** 06 
GND OV ** 20-] 1-34 ** OV ** GND - 


a certain time period. 


As can be seen from the block diagram 


(Figure 6.26) this design consists fo an 8-bit Bottom Top 
shift register, 3-bit ripple counter and 2 LABEL **PIN Ne cick, 
flip-flops that are set only upon detection of ue ae! NGS 

nde N/C ** 22-| N/C 
specific patterns. The patterns are read from N/¢e xx 23-] N/c 
the Q and QN outputs of the shift register. N/C xe 24-| N/C 
Since the input to the second flip-flop has the N/C ** 25-| N/C 
output of the first flip-flop as a product term, N/C ** 26-| N/C 
detection of the first pattern is a requirement N/C eK Ze | N/C 


N/C ' 
N/C 
N/C 
N/C 
N/C 
N/C 


for the detection of the second. 00 ** 28-| 
ol xx 29-] 
02 ** 30-| 
03 ees S| 
04 xk 32-| 
oO5 > 33='| 


HHHAHHHHHHHWARaaY 





PATTERN 1 


Figure 6.26 Shift Register with Sequence Detector Block Diagram 
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File Name : 8BTSHFT 
Date : 9/15/1987 
Time : 9:41:35 


@DEVICE TYPE 
PLHSS01 
@DRAWING 
@REVISION 
@DATE 

@SYMBOL 
@COMPANY 
@NAME 
@DESCRIPTION ' 


8 Bit Shift Register with 16 bit Sequence Detector 


@INTERNAL NODE 

SNO,RNO,QO0; 

SN1,RN1,01; 

SN2,RN2,02; 

SN3,RN3,Q3; 

SN4,RN4,04; 

SNS,RN5,Q5; 

SN6,RN6,06; 

SN7,RN7,Q7; 

CSNO,CRNO,CONO; 

CSN1,CRN1,CON1; 

CSN2,CRN2,CQN2; 

PSNO,PRNO; 

PSN1,PRN1; 

@COMMON PRODUCT TERM 

PAT1 = Q7*Q6*Q5*Q4*Q3*Q2*Q1*Q0; 
PAT2 = Q7*Q6*Q5*Q4*Q3*0Q2*Q1*Q0; 
@I/O DIRECTION 

@I/O STEERING 

@LOGIC EQUATION 


“8 D-TYPE FLIP FLOPS CONNECTED AS SHIFT REGISTER” 


SNO = /(CLK*RST* (/ (SNO*(/ [DATA*RST*RNO])))); 
RNO / (SNO*CLK* (/ [DATA*RST*RNO]))); 
QO = /(SNO*(/[RNO*QO*RST])); 


SN1 = /(CLK*RST* (/(SN1*(/[QO*RST*RN1])))); 
RN1 = /(SN1*CLK*(/[QO*RST*RN1])); 
Ql = /(SN1*(/{RN1*Q1*RST))); 


= / (CLK*RST* (/ (SN2* (/ [Q1*RST*RN2])))); 
= /(SN2*CLK* (/[(Q1*RST*RN2])); 
= /(SN2*(/[RN2*Q2*RST])); 


/ (CLK*RST* (/ (SN3* (/ [Q2*RST*RN3]))));? 
/ (SN3*CLK* (/ [(02*RST*RN3])); 
/ (SN3* (/ [RN3*Q3*RST]J) ); 


Figure 6.27 8-Bit Shifter Boolean Equations 
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= / (CLK*RST* (/ (SN4*(/ [Q3*RST*RN4]))))7 
/ (SN4*CLK* (/ [Q3*RST*RN4})); 
= /(SN4*(/[RN4*Q4*RST])); 


/ (CLK*RST* (/ (SN5* (/ [Q4*RST*RN5]))))7 
= /(SNS*CLK* (/[Q4*RST*RNS))); 
= /(SN5*(/[RN5*Q5*RST])); 


= / (CLK*RST* (/ (SN6* (/ [O5*RST*RNG])))) 7 
= / (SN6*CLK* (/[Q5*RST*RN6])); 
= /(SN6*(/[RN6*Q6*RST])); 


= / (CLK*RST* (/ (SN7* (/ [(O6*RST*RN7]))));3 
= /(SN7*CLK* (/[Q6*RST*RN7])); 
Q7 = /(SN7*(/[RN7*Q7*RST]})); 


00 Q0; 
O01 = Ql; 
02 Q2; 
03 = Q3; 
04 = Q4; 
O05 = Q5; 
06 = Q6; 
07 Q7; 


“3 D-TYPE FLIP FLOPS CONNECTED AS A RIPPLE COUNTER” 


CSNO = /(CLK*RST* (/ (CSNO* (/ [CQNO*RST*CRNO})))); 
CRNO = / (CSNO*CLK* (/ [CQNO*RST*CRNO])) 7 

CQO) == /{CSNO*CQNO) ; 

CQNO = / (CRNO*CQO*RST) ; 


CSN1 / (CQNO*RST* (/ (CSN1* (/ [CON1*RST*CRN1})))) 3 
CRN1 / (CSN1*CQNO* (/ [CQON1*RST*CRN1])); 

CQl = /(CSN1*CQN1); 

CQN1 = /(CRN1*CQ1*RST) ; 


CSN2 / (CONI*RST* (/ (CSN2* (/ [CON2*RST*CRN2])))); 
CRN2 = / (CSN2*COQN1* (/ [CQN2*RST*CRN2])); 

CQ2 / (CSN2*CON2) ; 

CQN2 = /(CRN2*CQ2*RST) ; 


“2 D-TYPE FLIP FLOPS USED FOR PATTERN SEQUENCE DETECTION. 
Sequence to be detected is 16 bits - 55AA Hex. 
When the pattern is detected, pin det2 will go high. 


In this example, both pattern 1 and pattern 2 are set to FF hex. To 
change the pattern to 55AA, the STD file (P68 and P70) was edited using 
FTE. This was necessary because AMAZE 1.6 only allows 40 internal labels, 
so it was not possible to reference the ON nodes of the shift register 
flip-flops.” 


PSNO = /(CQN2*RST*(/ (PSNO*(/{PAT1*RST*PRNO])))); 
PRNO = /(PSNO*CQN2* (/ [PAT1*RST*PRNO])); 

DETIN (PSNO*/DET1) ; 

DET1 = (PRNO*/DETIN*RST) ; 


PSN1 = /(CQN2*RST* (/ (PSN1*(/ [PAT2*DET1*RST*PRN1]))))? 
PRN1 / (PSN1*CQN2* (/ [PAT2*DET1*RST*PRN1])); 

DET2N (PSN1*/DET2) ; 

DET2 = (PRS1*/DET2N*RST) ; 


Figure 6.27 8-Bit Shifter Boolean Equations (Continued) 
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Figure 6.28 Portion of STD Files 
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“ 8 Bit Shift Register Simulation Input 


un 


LLLHHHHHHHHHHHHHHHHHHHHH 
LHLHHHHHHHHHHHHHHHHHHHHH 
LLHHHHHHHHHHHHHHHHHHHHHH 
HLLHHHHHHHHHHHHHHHHHHHHH 
HHLHHHHHHHHHHHHHHHHHHHHH 
HLHHHHHHHHHHHHHHHHHHHHHH 
HHHHHHHHHHHHHHHHHHHHHHHH 
HLLHHHHHHHHHHHHHHHHHHHHH 
HHLHHHHHHHHHHHHHHHHHHHHH 
HLHHHHHHHHHHHHHHHHHHHAHH 
HHHHHHHHHHHHHHHHHHHRHHHHH 
HLLHHHHHHHHHHHHHHHHHHHHH 
HHLHHHAHHHHHHHHHHHAHHHHY 
HLHHHHHHHHHRHHHHHHHHHHAH 
HHHHHHHHHHHHHHHHHHHHHHHH 
HLLHHHHHHHHHHHHHHHHHHHHH 
HHLHHHAHHHHHHHHHHHAHHHHH 
HLHHHHHHHHHHHHHHHHHHHHAH 
HHHHHHHHHHHHHHHHHHHHHHHH 
HLHHHHHHHHHHHHHHHHHHHHHH 
HHHHHHHHHHHHHHHHHAHHHHHH 
HLLHHHHHHHHHHHHHHHHHHHHH 
HHLBHHHHHHHHHHAHHHHHHHAHHH 
HLHHHHHHHHHHHHHHHHHHHHHH 
HHHHHHHHHHHHHHHBHHHHHHHHH 
HLLHHHHHHHHHHHHHHHHHHHHH 
HHLHHHHHHHHHHHHHHAHAHHHHH 
HLHHHHHHHHHHHHHHHHHHHRHHH 
HHHHHHHHHHHHHHHHHHHHHHHH 
HLLHHHHHHHHHHHHHHHHHHHHY 
HHLHHHHHHHHHHHHHHHHHHHHH 
HLHHHHHHAHHHHHHHHHAHHHHH 
HHHHHHHHHHHHHHHHHHHHHHHH 
HLLHHHHHHHHHHHHHHHHHHHHH 
HHLHHHHHHHHHHHHHHHAHHHHH 
HLLHHHHHHHHHHHHHHHHHHHHH 
HHLHHHHHHHHHHHHHHHHHHHHH 
LHHHHHHHHHHHHHHHHHHHHHHH 


QUIT 


L” 
Hn” 
L” 
HM” 
L” 
W” 
L” 
“BIT 0 H” 
“END OF FIRST SEQ” 
“BIT 7 H” 
“BIT 6 L” 
‘BIT 
“BIT 
“BIT 
“BIT 


“BIT H” 


“BIT 0 L” 
“END OF SECOND SEQ” 


“RESET” 


Figure 6.29 8-Bit Shifter Simulation Input File 
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PLHS501 8BTSHFT Time = 16:34:21 Date = 9/14/1987 


< B,/B > < XOR > < /0,0 > TRACE TERMS 


222211111111111 
321098765432109876543210 76543210 76543210 76543210 


000111111111111111111111 HLHLLLLL LLLLLLLL LLLLHHHH 
0101222111111111111111111 HLHLLLLL LLLLLLLL LLLLHHHH 
001111212111111111111111 HLHLLLLL LLLLLLLL LLLLHHHH 
100111111111111111111111 HLHLLLLL LLLLLLLL LLLLHHHH 
110111111111111111111111 HLHLLLLH LLLLLLLL LLLLHHHH 
101111111111111111111111 HLHLLLLH LLLLLLLL LLLLHHHH 
1111111111121111111111111 HLHLLLHL LLLLLLLH LLLLHHHH 
10021121111111211111111111 HLHLLLHL LLLLLLLH LLLLHHHH 
110124111111111111111111 HLHLLLHH LLLLLLHL LLLLHHHH 
101111111111111111111111 HLHLLLHH LLLLLLHL LLLLHHHH 
111111111111111111111111 HLHLLHLL LLLLLHLH LLLLHHHH 
100111111111111111111111 HLHLLHLL LLLLLHLH LLLLHHHH 
21102121112121111111111111111 HLHLLHLH LLLLHLHL LLLLHHHH 
102211111111111111111111 HLHLLHLH LLLLHLHL LLLLHHHH 
1111111111112111111111111 HLHLLHHL LLLHLHLH LLLLHHHH 
100111111111111111111111 HLHLLHHL LLLHLHLH LLLLHHHH 
11011221112111111111111111 HLHLLHHH LLHLHLHL LLLLHHHH 
101111111111111111111111 HLHLLHHH LLHLHLHL LLLLHHHH 
111111111111111111111111 HLLHLLLL LHLHLHLH LLLLHHHH 
101111111111111111111111 HLLHLLLL LHLHLHLH LLLLHHHH 
12111111111112111111111111 HLLHLLLH HLHLHLHH LLLLHHHH 
1001122111111111111111111 HLLHLLLH HLHLHLHH LLLLHHHH 
110111111111111111111111 HLLHLLHL LHLHLHHL LLLLHHHH 
101111111111111111111111 HLLHLLHL LHLHLHHL LLLLHHHH 
111111111111111111111111 HLLHLLHH HLHLHHLH LLLLHHHH 
100111121111111111111111 HLLHLLHH HLHLHHLH LLLLHHHH 
1101121111111111111111111 HLLHLHLL LHLHHLHL LLLLHHHH 
1011211111111111111111111 HLLHLHLL LHLHHLHL LLLLHHHH 
111111111111111111111111 HLLHLHLH HLHHLHLH LLLLHHHH 
100111111111111111111111 HLLHLHLH HLHHLHLH LLLLHHHH 
110111211111111111111111 HLLHLHHL LHHLHLHL LLLLHHHH 
101111111111111111111111 HLLHLHHL LHHLHLHL LLLLHHHH 
1121111111111111111111111 HLLHLHHH HHLHLHLH LLLLHHHH 
10011121112111111111111111 HLLHLHHH HHLHLHLH LLLLHHHH 
1210111111211111111111111 LHHLLLLL HLHLHLHL LLLLHHHH 
100111111111111111111111 LHHLLLLL HLHLHLHL LLLLHHHH 
1102111111121111111111111 LHHLLLLH LHLHLHLL LLLLHHHH 
021112111112111111111111111 HLHLLLLL LLLLLLLL LLLLHHHH 
a I/O CONTROL LINES 
~ OO0000000 DESIGNATED I/O USAGE 
™ OQ0000000 ACTUAL I/O USAGE 
“ PINLIST... 
“14 13 12 11 10 09 07 06 05 04 03 02 01 52 51 50 49 48 47 45 44 43 42 41 
“18 17 16 15 40 39 38 37 36 35 33 32 31 30 29 28 
“27 26 25 24 23 22 2119; 





Figure 6.30 8-Bit Shifter Simulation Log File 
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4-BIT SYNCHRONOUS COUNTER 


This counter produces a binary count on File Name : 4BTCOUNT 

outputs Count3 — Count0. Note the required Date : 3/15/1987 

reset (RST) input to initialize all of the Time : 9:57:5 

flip-flops. The inputs for each flip-flop were 

tirst determined by drawing the desired output HHHHHE HEAR HH AEH HE Po ION LIS T ##t# eee ee ee ttt HHH 

waveforms. Next, Karnaugh maps were used Pare Right 

to reduce the number of terms and determine LABEL FNC **PIN PIN** FNC ** LABEL 

the logic equations for the input to each vec 45V ** B-| 1-46 ** +5yV ** CC 

flip-flop. This technique could be used to CLK xe  9-| |-45 ** T  ** N/C 

construct a counter whose outputs produce RST ** 10-| 1-44 ** T xx N/C 

some count other than binary. N/C ** T= | |-43 ** IT ** N/C 
N/C *¥* 12-| |-42 ** I ** N/C 

The simulation only consists of a reset, N/C **k 13-| [-41 ** I kk N/C 

followed by a number of clocks to count from Nn/C ** 14-{ 1-40 ** /O ** N/C 

0 through 15 and back to 0. COUNTO ere TS=4| [-39 ** /O ** N/C 


COUNT1 
COUNT2 
COUNT3 
TC 

GND 


** 16-| |-38 ** /O ** N/C 
x* 17-] |-37 ** /o ** N/C 
** 18-| |-36 ** 0 ** N/C 
** 19-| I-35 ** 0  ** N/C 
** 20-| |-34 ** OV ** GND 


DODDOOHHHHHH 


Bottom Top 
LABEL **xPIN 

N/C ae 21-4 

N/C ** 22-| 

N/C xx 23-| 

N/C ** 24-| 

N/C ee 25-| 

N/C ** 26-| 

N/C *k 27-| 

N/C ** 28-| |-52 
N/C wk 29-| (= 5. 
N/C ** 30-| |-50 
N/C ** 31-| |-49 
N/C x) 32— | 1-48 
N/C ak 5 3:3="| |-47 


Zz 
a 


HHHHHARHRHRHRARaa 


Figure 6.31 4-Bit Counter Pin List 
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File Name : 4BTCOUNT 
Date : 9/15/1987 
Time : 9:57:28 


@DEVICE TYPE 
PLHSS501 
@DRAWING 
@REVISION 
@DATE 
@SYMBOL 

@ COMPANY 
@NAME 
@DESCRIPTION 


4 bit synchronous counter 


@INTERNAL NODE 
datal, data2,data3; 
csn0,crn0,cq9,cqn0; 
esnl,crnl1,cql,cqnl; 
esn2,crn2,cq2,cqn2; 
csn3,crn3,cq3,cqn3; 
@COMMON PRODUCT TERM 
@I/O DIRECTION 

@I/O STEERING 

@LOGIC EQUATION 


“INPUTS FOR EACH FLIP-FLOP” 


DATA1 [ (CQ1L*CQNO) + (CON1*CQ0) J; 
DATA2 [ (CQO0*CQ1*CON2) + (CQND*COQ2) +(CON1*CQ2) J; 
DATA3 [ (CON2*CQ3) + (COND*CQ3) + (CQ0*CQ1*CQ2*CQN3) + (CQON1*CQA3) J; 


“4 D-TYPE FLIP FLOPS CONNECTED AS A SYNCHRONOUS COUNTER” 


CSNO = /(CLK*RST (/ (CSNO* (/ [CONO*RST*CRNOJ)))); 
CRNO = / (CSNO*CLK* (/ [CQNO*RST*CRNO])); 

cao / (CSNO*COQNO) ; 

CQNO / (CRNO*CQO*RST) ; 


CSN1 = /(CLK*RST(/ (CSN1* (/ [DATA1*RST*CRN1])))); 
CRN1 / (CSN1*CLK* (/ [DATA1*RST*CRN1]})); 

cQl / (CSN1*COQN1); 

CQN1 = /(CRN1*CQ1*RST) ; 


CSN2 = /(CLK*RST(/ (CSN2* (/ [DATA2*RST*CRN2])))); 
CRN2 = / (CSN2*CLK* (/ [DATA2*RST*CRN2])); 

CQ2. = /(CSN2*CQN2) ; 

CQN2 = / (CRN2*CQ2*RST); 


CSN3 = /(CLK*RST(/ (CSN3* (/ [DATA3*RST*CRN3])))); 
CRN3 / (CSN3*CLK* (/ [DATA3 *RST*CRN3])); 

CQ3. = /(CSN3*CQN3); 

CQN3 = /(CRN3*CQ3*RST) ; 


“Connection to output pins” 
count0=cq0; 
countl=cql; 
count2=cq2; 
count3=cq3; 


“TERMINAL COUNT PIN” 


TC= (CQ0*CQ1*CQ2*CQ3) ; 





Figure 6.32 4-Bit Counter Boolean Equations 
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nu 


“ 4 Bit Synchronous Counter Simulation Input 
HHHHLLHHHHHHHHHHHHHHHHHH “RESET” 
HHHHHLHHHHHHHHHHHHHHHHHH 
HHHHHHHHHHHHHHHHHHHHHHHH “COUNT1” 
HHHHHLHHHHHHHHHHHHHHHHHH 
HHHHHHHHHHHHHHHHHHHHHHHH “COUNT2” 
HHHHHLHHHHHHHHHHHHHHHHHH 
HHHHHHHHHHHHHHHHHHHHHHHH “COUNT3” 
HHHHHLHHHHHHHHHHHHHHHHAH 
HHHHHHHHHHHHHHHHHHHHHHHH “COUNT 4” 
HHHHH LHHHHHHHHHHHHHHHHHH 
HHHHHHHHHHHHHHHHHHHHHHHH “COUNTS” 
HHHHHLHHHHHHAHHHHHHHHHHH 
HHHHHHHHHHHHHHHHHHHHHHHH “COUNT6” 
HHHHHLHHHHHHHHHHHHHHHAHH 
HHHHHHHHHHHHHHHHHHHHHHHH “COUNT7” 
HHHHHLHHHHHHHHHHHHHHHHHH 
HHHHHHHHHHHHHHHHHHHHHHHH “COUNT8” 
HHHHHLHHHHHHHHHHHHHHHHHH 
HHHHHHHHHHHHHHXHHHHHHHHH “COUNT9” 
HHHHHLHHHHHHHHHHHHHHHHHH 
HHHHHHHHHHHHHHHHHHHHHHHH “COUNT10” 
HHHHHLHHHHHHHHHHHHHHHHHH 
HHHHHHHHHHHHHHHHHHHHHHHH “COUNT11” 
HHHHHLHHHHHHHHHHHHHHHHRHH 
HHHHHHHHHHHHHHHHHHXHHHHH “COUNT12” 
HHHHHLHHHHHHHHHHHHHHHHHH 
HHHHHHHHHHHHHHHHHHHHHHHH “COUNT13” 
HHHHHLHHHHHHHHHHHHHHHHHH 
HHHHHHHHHHHHHHHHHHHHHHHR “COUNT14” 
HHHHHLHHHHHHHHHHHHHHHHHH 
HHHHHHHHHHHHHHHHHHHHHHHH “COUNT15” 
HHHHHLHHHHHHHHHHHHHHHHHH 
HHHHHHHHHHHHHHHRHHHHHAHH “COUNTO” 

QUIT 


Figure 6.33 4-Bit Counter Simulation Input File 
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PLHS501 4BTCOUNT Time = 16:57:51 Date = 9/14/1987 
< B,/B > < XOR > < /O,O > TRACE TERMS 

© 222211111111111 

“ 321098765432109876543210 76543210 76543210 76543210 

uu 
111100111111111111111111 LLLLLLLL LLLLLLLL LLLLHHHL ; 
111110111111111111111111 LLLLLLLL LLLLLLLL LLLLHHHL 
1211111111111111111111111 LLLHLLLL LLLLLLLL LLLLHHHL 
111110111111111111111111 LLLHLLLL LLLLLLLL LLLLHHHL 
1111211111111111111111111 LLHLLLLL LLLLLLLL LLLLHHHL 
111110111111111111111111 LLHLLLLL LLLLLLLL LLLLHHHL 
111111111111111111111111 LLHHLLLL LLLLLLLL LLLLHHHL ; 
112110111121111111111111 LLHHLLLL LLLLLLLL LLLLHHHL 
211111111111111111111111 LHLLLLLL LLLLLLLL LLLLHHHL 
111110111111111111111111 LHLLLLLL LLLLLLLL LLLLHHHL ; 
111111111111111111111111 LHLHLLLL LLLLLLLL LLLLHHHL ; 
111110111111111111111111 LHLHLLLL LLLLLLLL LLLLHHHL 
12222111211111111111111111 LHHLLLLL LLLLLLLL LLLLHHHL 
1112110211111111111111111 LHHLLLLL LLLLLLLL LLLLHHHL 
111111111111111111111111 LHHHLLLL LLLLLLLL LLLLHHHL 
111110111111111111111111 LHHHLLLL LLLLLLLL LLLLHHHL ; 
111111111111111111111111 HLLLLLLL LLLLLLLL LLLLHHHL 
1121110111111111111111111 HLLLLLLL LLLLLLLL LLLLHHHL 
2111211111111111111111111 HLLHLLLL LLLLLLLL LLLLHHHL ; 
111110111111111111111111 HLLHLLLL LLLLLLLL LLLLHHHL ; 
111111111111111111111111 HLHLLLLL LLLLLLLL LLLLHHHL 
111110111111111111111111 HLHLLLLL LLLLLLLL LLLLHHHL 
111111111111111111111111 HLHHLLLL LLLLLLLL LLLLHHHL 
111110111111111111111111 HLHHLLLL LLLLLLLL LLLLHHHL ; 
111111111111111111111111 HHLLLLLL LLLLLLLL LLLLHHHL ; 
111110111111111111111111 HHLLLLLL LLLLLLLL LLLLHHHL ; 
111111111111111111111111 HHLHLLLL LLLLLLLL LLLLHHHL ; 
111110111111111111111111 HHLHLLLL LLLLLLLL LLLLHHHL 
111111111111111111111111 HHHLLLLL LLLLLLLL LLLLHHHL ; 
111110111111111111111111 HHHLLLLL LLLLLLLL LLLLHHHL 
1211111111111111111111111 HHHHLLLL LLLLLLLL LLLLHHHH 
111110111111111111111111 HHHHLLLL LLLLLLLL LLLLHHHH 
111111111111111111111111 LLLLLLLL LLLLLLLL LLLLHHHL ; 


I/O CONTROL LINES 
OO0000000 DESIGNATED I/O USAGE 
OO000000 ACTUAL I/O USAGE 


PINLIST... 

14 13 12 11 10 09 07 06 05 04 03 02 01 52 51 50 49 48 47 45 44 43 42 41 
18 17 16 15 40 39 38 37 36 35 33 32 31 30 29 28 

27 26 25 24 23 22 21 19 ; 


Figure 6.34 4-Bit Counter Simulation Log File 
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INTRODUCTION 

This document is written assuming the reader 
is familiar with Signetics PLHS501. As well, 
we shall assume familiarity with the 
predecessor document “Designing with PML” 
and some exposure to Signetics AMAZE 
software. The goal of this document (i.e., Vol. 
2) is to expand on the original ideas and 
present some cookbook solutions to some 
useful design problems. Vol. 2 also reflects 
nearly a year of experience through the 
multitude of design-ins achieved with the 
PLHS501. tn fact, several of the design 
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solutions presented here were contributions 
from our customers through our field 
applications organization. Designs we have 
encountered fell into a couple of interesting 
categories. First, many users view the part as 
a natural step in eliminating extraneous board 
“glue” (10 or more chips) or eliminating 
multiple programmable array logic devices 
(usually 3 to 5 units). Others recognized the 
PLHS501 capabilities of extremely wide logic 
functions and still others chose to invent their 
own solutions to standard bus interfaces. 


778 


Commercially available bus interfaces often 
“miss the mark" and creative designers wish 
to implement exactly the functions they need 
in aconcise, effective manner. To date, we 
have seen PLHS501 interfaces to the VME 
Bus !!, FAST Bus, NuBus, GPIB and the IBM 
Micro Channel for the PS/2 system. 


Before presenting these solutions however, it 
is appropriate to review the PML basics and 
expand on a number of issues which have 
been found to be important but which were 
previously treated lightly. 
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PLHS501 REVIEW 

The PLHS501 is a §2-Pin, bipolar 
programmable logic device with a very 
powerful architecture. Unlike classic AND/OR 
based architectures, its basic building block is 
the NAND function which is configured in a 
foldback programming array. By cascading 
successive NAND functions through the 
array, both combinational and sequential 
structures may be obtained. The PLHS501 
has 24 dedicated inputs, 16 outputs (with 
several varieties) and eight bidirectional pins. 
The internal NANDs may be cascaded to any 
depth needed, to achieve effective solutions 
using logic structures such as muxes, 
decoders and flip-flops without going off chip 
and wasting I/O pins to achieve cascading. 
To use the PLHS501 effectively, the designer 
should attempt to fold in function and remain 
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within the chip as much as possible before 
exiting. 


Figure 2-1 shows the PLHS501 architecture 
and illustrates several of the timing paths for 
internal signals to give the designer a feeling 
for maximum time delay within the part. 
These numbers are worst case maximums, 
regardless of switching directions, so the user 
may be assured that in general, the PLHS501 
will be faster than these numbers. 


The shorthand notation of Figure 2-1 hides 
something with which many designers have 
been impressed in the PLHS501, the wide 
input NAND gates. Figure 2—2 shows just 
how wide the internal NANDs are, from a 
logical viewpoint. Each NAND can 
accommodate up to 32 external inputs and 72 
internal inputs. Hence the part is ideal for 


eh 

= 

[Gp 
Ce] 


wide decoding of 32-bit address and data 
busses. With 72 copies of the wide NAND, 
the PLHS501 is often compared against 
low-end gate arrays. While flatterding, this 
gives no usable method to determine the 
degree to which functions can be fit into the 
device. As a rule of thumb, the PLHS501 can 
accommodate three or more PLA devices 


and usually four to five PAL® devices. 


For any particular design, the user should 
refer to Table 2-1 and evaluate his/her design 
incrementally, tallying against a 72 gate 
budget. This is a ballpark estimation against 
the NAND capacity of the core of the part. 
The clever designer will find additional 
function by correctly exploiting the output 
logic. 


INPUT BUFFERS 





eer TATE 
LX 


rs | 
oe ee ee ee ee 


: 


Xo, Xo, X4, Xp 


pas 
: 


X41, Xg, Xs, X7 





Figure 2-1. PLHS501 Logic Diagram 


PAL is a registered trademark of Monolithic Memories, Inc., a wholly owned subsidiary of Advanced Micro Devices, Inc. 
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Table 2-1. PLHS501 Gate Count Equivalents 


INTERNAL 
FUNCTION NAND COMMENTS 
EQUVALENT 


Gates 


For 1 to 32 input variables 
For 1 to 32 input variables 
For 1 to 32 input variables 
For 1 to 32 input variables 


Decoders 


Inverted inputs available 

Inverted inputs available 

Inverted inputs available (24 chip outputs 
only) 


Encoders 


Inverted inputs, 2 logic levels 
Inverted inputs, 2 logic levels 


Inverted inputs, 2 logic levels, 
factored solution. : 


Multiplexers 


4-to-1 Inverted inputs available 

8-to-1 

16-to-1 

27-to-1 28 Can address only 27 external inputs - 
more if internal 


Flip-Flops 


D-type Flip-Flop With asynchronous S-R 
T-type Flip-Flop With asynchronous S-R 
J-K-type With asynchronous S-R 
Flip-Flop 


Adders 


Full carry-lookahead (four levels of logic) Figure 2-2. An Internal NAND 
Logic Equivalent 


Barrel Shifters 
2 levels of logic 
Latches 


D-latch 2 levels of logic with one shared gate 
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FLIP-FLOP BASICS 

Most designers view flip-flops as black boxes 
with data inputs and outputs as well as 
additional control inputs. Some flip-flops are 
designed as primitive transistor structures, 
but in the past, gate array designers used 
their elementary building block, the NAND 
gate, to make flip-flops. Because the 
PLHS501 is also largely structured from 
NANDs, we can draw upon years of well 
known NAND-based flip-flop designs to 
readily implement flip-flops within the 
PLHS501. 


Figures 3-1, 3-2, 3-3 and 3-4 give single 
sheet summaries of several flip-flop 
configurations. It should be noted that the 
transparent latch is recommended for data 
capturing, but not for state machines due to 
potential glitching. The edge triggered D-type 
is a convenient building block. Although 
external gates are saved with the J-K 
structure, it is at the expense of additional 
NANDs within the J-K flip-flop itself. 


Notation 

The delay of a NAND gate is most often 
designated as tp,y Or tpy, indicating that the 
gate output makes a High-to-Low (tpy,) or 
Low-to-High (tp_})) transition. For the 
flip-flops’ transition, the High-to-Low ID is DO 
and the Low-to-High ID is D1. This also holds 
true for structures fully contained within the 
foldback core, because input and output time 


Table 3-1. 
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delays will differ and change the 
performance. Knowing the basic concepts, 
the designer can expand these structures to 
include I/O pins and generate flip-flops 
wrapped around the part — but, he must 
derate his parameters accordingly to reflect 
the slower paths. 


Because it will be lengthy to explain all of the 
flip-flop configurations given, we will show 
only one in some detail. The interested 
reader can verify the rest by manual analysis 
or by digital simulation. The Table 3-1 gives 
the typical and worst case values for an 
internal foldback NAND gate. 


The single D-latch with enable Active-HIGH 
can be described in terms of the propagation 
delay formula given in Figure 3—1. For 
instance, the first propagation is for D to Q, 
where the Q output transitions from 
High-to-Low (i.e., tepo). To do this, assume Q 
is high so the /Q term is Low. To switch the 
state, /Q must be flipped first. Hence, the 
logic variable enters G2, then passes through 
G7, G4 and finally G3. This presents four 
transitions, two from Low-to-High (G2 and G4 
outputs) and two from High-to-Low (G1 and 
G3 outputs). Hence, the formula reflects 
2(d1&d0) which, using Table 3-1, gives 
2(8+6.5)=29ns. 


This is the worst case value, using typicals 
will give a value of 2(5.5+6.5)=24ns. 


Internal Fold Back NAND Gate 


INPUT ~ OUTPUT 


mae RAM | PARAMETER) 


SYMBOL a 
a (INPUT) 


oe 
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Switching in the other direction is a little 
different. Assuming tpp; goes from Q=0 to 
Q=1, the /Q signal must be initially 1. Hence, 
G3 is armed for immediate transition. Hence, 
the time delay is simply traversing G2 and 
G3. One of them will go High-to-Low (G2) 
and the other Low-to-High (G3). The formula 
reflects the sum of the two transitions: tpp; = 
d1+d0. From the table, this is 14.5ns (worst 
case) or 12ns (typical). The rest of the 
formula must be similarly analyzed, but the 
method is straightforward. 


Flip-Flop Merging 

Figure 3-5(A) shows the positive edge 
triggered D flip-flop structure. By putting a 
two-level AND/OR structure in front of the 
data input, the D flip-flop can be steered from 
state to state. 


Figure 3-5(B) shows such an input structure 
realized from a two-level NAND gate section. 


Figure 3-5(C) shows this “AND-OR" structure 
rolled inside of the flip-flop. The gating was 
merged with the flip-flop inwards to make a 
faster, composite function. Whereas this may 
appear as a trick to the uninitiated, this 
degree of flexibility allowed gate array 
designers to merge a multitude of logic into a 
fixed foundation. For highest efficiency, 
similar thinking allows the designer to break 
up decoders and multiplexers into their 
building blocks and generate only the pieces 
needed. 
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Logic Symbol Propagation Delay Formulas: Propagation Delays: 


| From | to | FORMULAS PARAMETER 

tppo = di+d0 x2 tppo 
tpp1 = d1+d0 a 
Ippo = dl + 2Xd0 
tpp1 = 2xdt +00 


tppo = di + 2X00 
tppy = di+d0 a 
ppg = d1 + 2Xd0 ‘po 


tpp1 = d1+d0 
V(E) SETUP TIME = d1 + 2Xxd0 D (SETUP TIME) 
NOTE: HOLD TIME | -0  ©~=——s&Y D (HOLD TIME) 


This part is functionally similar to the 7475. ENABLE PULSE =ETOQtppo ENABLE PULSE WIDTH 


NAND Gate Diagram Waveforms: 


2 (D) 





Function (Truth) Table 
orenanwamone | E] >] a] a] 
NOTE: 
DATA LATCHED os, feat Oa 1. Spikes can occur on U during the propagation delay of E to T. 


NOTES: 

1. When input Enable (E) is High, data enters 
the latch at "D" and appears at outputs “Q” 
and “0”; the “Q" output follows the data as 
long as E Is High. One setup time before the 
High-to-Low transition of E, D is stored in the 
latch; the latched outputs remain stable as 
long as E is Low. 


2. Op_1 = State before High-to-Low transition of 


E. 
3. X= don't care. 


Figure 3-1. Single D-Latch (Enable Active-HIGH) 
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Logic Symbol Propagation Delay Formulas: Propagation Delays: 


[romans SAaMeerER Raul o occa 


tppy = 2xd1+d0 Pan ae 
| 7 
0 ae 
3(C) D (SETUP TIME) | -cs 
se D (HOLD TIME) D (SETUP TIME) ns MIN 


NOTE: D (HOLD TIME) ns MIN 
This part is functionally similar to the 74LS74. CLOCK PULSE WIDTH | axdosdt ENABLE PULSE WIDTH| ns MIN 


Timing Waveforms: 


SETUP| HOLD 


NOTE: 
1. Spikes can occur on 0 during the propagation delay of C to T. 


Data is transferred to the outputs on the 
negative-going edge of the clock. 

Qnh41 = State after High-to-Low transition 
of C. 


Figure 3-2. D Flip-Flop (Negative Edge-Triggered) 
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tpp1 = 2dt+d0 


tppo = 2(d1+d0) 


[rnow [10] 


Logic Symbol 


tppo = 2(d1+d0) 
tppo = d1+d0 
200) eor-et_ | 


Cc 

c 
1(C) D (SETUP TIME | = SY 
D (HOLD TIME) 
NOTE: CL WIDTH (HIGH 
This part is functionally similar to the 74LS74. RESET WIDTH (LOW) 


Timing Waveforms: 


Data is transferred to the outputs on the 
negative-going edge of the clock; reset "R* 
(Active-LOW) is asynchronous and inde- 
pendent of 
Qnh4+1 = State after High-to-Low transition 
of C. 

3. X=don't care. 


Figure 3~3. D Flip-Flop with Reset 
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Propagation Delays: 
DELAY inns 


22.5 
22.5 
14.6 


29 

29 

8 
ns Min 6.5 


D (SETUP TIME) 
D (HOLD TIME 


MINIMUM 
CLOCK WIDTH 
MINIMUM 
R WIDTH 
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Propagation Delay Formulas: Propagation Delays: 


tppo = 3d0+2¢1 
tpp1 = 3(d1+d0) 


| FROM | to | 
a te 
P| | yet 


tC=0 
tppo = d1+d0 
t#C=1 


{PDo = 2(d1+d0) J-K SETUP TIME 
sot SETUE TIME PSOne ena al J-K HOLD TIME 
J-K HOLD TIME | -o = MINIMUM 
PULSE WIDTH 
NOTE: MINIMUM PULSE 
PSARMIN) [= 1400) WIDTH SaR (LOW) 





Timing Waveforms: 


Master/slave data Is pulse-triggered and 
C WIDTH enters the J-K flip-flop when the clock (C) 

goes Low; the entered data is transferred 

to the outputs on the positive going edge 

of “C*. Set (S) and Reset (R) inputs are 

asynchronous, independent signals and, 

when either is Active-LOW, the J-K and C 

inputs are overridden. 

Qnh+1 = next state of Q. 

X = don't care. 


Figure 3-4. J-K Flip-Flop with Set and Reset 
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Figure 3-5(A). Positive Edge Triggered 
D-Flip-Flop with Reset and Set . Asin (A), with Input AND-OR Function 


Figure 3-5(C). As Above, with Integral AND-OR Input Function 





Figure 3-5. Flip-Flop Merging 
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VME Bus EXAMPLES 


Omnibyte VSBC20 Mailbox 


Interrupt Structure 

One of the more popular uses for the 
PLHS501 is interfacing with 32-bit micro- 
processors. This section illustrates some of 
the ways the part has been used with the 
popular VME Bus. The Omnibyte Corporation 
manufactures many VME Bus products (as 
well as others) and was kind enough to 
release a portion of their VSBC20 board 
design as an example of using the PLHS501 
in a very flexible, user configurable interrupt 
generation device. The VSBC20 employs two 
PLHS501 parts, as shown in Figure 4-1. One 
device is used largely as an address decoder, 
the other, which is the object of this Section, 
is the configurable interrupt generator. The 
target micro- processor here is a 25MHz 
68020 and the application is interrupt 
generation. The explanation is in the words of 
Glenn Case, the designer: 


“Following the design philosophy of giving the 
user as much flexibility as possible, the local 
interrupt structure of the VSBC20 is 
implemented in a PLD. It is impossible to 
“optimize” the assignment of the local 
interrupts to the interrupt levels of the 
processor since they are application specific. 
One system may want the Serial I/O and 
Parallel I/O to have higher levels than the 
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Omnimodule Interrupts while yet another, 
using a SCSI Omnimodule, may want it to 
have higher level interrupts. Arbitrarily 
assigning and hard wiring these levels would 
unnecessarily constrain the use of the 
VSBC20 for any given application. By using 
the Signetics PLHS501, the entire logic to 
implement the interrupt structure fits into one 
PLD. Furthermore, the AMAZE software to 
program the part is available free from 
Signetics. The PLHS501 can be 
reprogrammed until the unused feedback 
gates are all used. So, the user can get the 
software free and change the interrupt levels 
a couple of times before having to replace the 
PLHS501 with a new part. This appendix 
describes how the PLHS501 is used and how 
to change the interrupt levels. 


There are a total of 17 possible interrupt 
sources to the processor on the VSBC20. 
There are up to seven possible VMEbus 
interrupts, nine possible local interrupts, and 
a Front Panel Non-Maskable interrupt. The 
local interrupts include: ACFAIL*, SYSFAIL*, 
parity error, mailbox interrupt, two 
Omnimodule interrupts, 24 bit timer interrupt, 
Parallel I/O, and Serial I/O interrupts. 
Although ACFAIL*, SYSFAIL* and mailbox 
interrupts are generated by VMEbus, they are 
referred to as local interrupts because they 
are acknowledged locally. That is, no 
VMEbus IACK cycle takes place. The local 


EXAMPLE 1: 

Put the P10 interrupt in level 4 and the Omnimodule 0 interring on level 2. 

' LIRQ4 = /LIROQPIO; }-> 
LIRQ2 = /LIRQOOM; |-> change these 
TACKOOM = / (/LIRQOM*/A3*A2*/A1*//IACK*/BAS) ; <-| equations to 
IACKPIIO = /(/LIRQPIO*A3*/A2*/A1*/IACK*/BAS);  <-{ 

EXAMPLE 2: 


interrupts are latched during an IACK cycle to 
“freeze” the state of the interrupts. This 
allows the correct acknowledgement of the 
interrupts. The ACFAIL*, SYSFAIL’* and Front 
Panel Non-Maskable Interrupt are assigned 
to Level 7. The Front Pane! NMI has the 
highest priority followed by ACFAIL", parity 
error, and SYSFAIL*. The front Panel 
interrupt is acknowledged by an autovector 
while the other three generate a vector that is 
encoded as described in the Error Interrupt 
Vector CSR. The local interrupts for the 
mailbox interrupt, Omnimodule Interrupt 0, 
Omnimodule Interrupt 1, 24 bit timer interrupt, 
Parallel I/O Interrupt, and Serial 1/O Interrupt 
have been assigned by the user to the level 
best suited for the user's application. The 
mailbox interrupt uses the auto vector while 
the others provide interrupt acknowledge 
vectors. However, these may also be 
changed to generate autovectors. For 
example, if a unique Omnimodule is designed 
by the user and there is not enough room to 
provide an interrupt vector on the module, the 
PLD can be changed to issue an autovector 
instead of generating an IACK cycle to the 
Omnimodule. It is also possible to have two 
interrupts share the same level, although this 
seems unnecessary, since there are enough 
available interrupt levels. 


The following examples illustrate how easy it 
is to change the local interrupt levels.” 


Make both the Omnimodule Interrupt Autovectored instead of bus-vectored. (LITRQOOM uses level 4 and LIRQIOM uses level 5.) 


AUTOVECTOR 


+++ 4+ 0 


[autovector* 


TACKIOM 
IACKOOM = 


/ (0)? 
/(o); 


<-- 
<-- 


change 
equation 


April 1989 


{/FPNMIRQ*A3*A2*A1*/ IACK*/BAS*RESET] 

[ /LIROMBOX*A2*A2*/A1*/IACK*/BAS*RESET ] 
[/LIRQOOM*A3*/A2*/A1*/IACK*/BAS*RESET] 
(/LIRQIOM*A3*/A2*A1*/IACK*/BAS*RESET ] 


<-- ADD 
<-- ADD 
/BAS*RESET] ; 
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> 
© 
a 
_~ 


ROMSZO 
ROMSZ1 
CPUSPACE* 
EAG* 


> 
= 
a 
N 


4 
8 


TUUOUUOUUOoOOUCUCOOCUlUUCUUULUU Lg 


>|> 
= 
> 
o 


CSE8XXX 
IACK 

lOSPACE 
CSFPC* 
CSCSR* 
CS68230* 
Cs6888t* 
CSROM* 
CSIOMODULE* 
lOSPACE* 
OFFBRD* 
CSMBX* 
CSBBITTO 
CSCSROAMBX* 


oe wlo NIN IN IN IV ININ TD 


STROBE* 
ADDRESS DECODER 
25MHz CLOCK 


ADDRESS 


FPNMIRQ* 


BRDFAIL* 


MASK BITS FPNMIIN* 


LSYSFAIL* 
LACFAIL* 
LIRQPE* 


LIRQMBX* 
FROM ON-BOARD LIRQ1OM* 
LATCHED INTERRUPTS LIRQOOM* 


LIRQTMR 
LIROPIO* 
LIRGSIO* 
vIRGt 
VIRQ2" 
VIRQ3* 
MASKABLE VME BUS 2 VIROS* 


INTERRUPTS VIRQS* 
vIRQ6* 


OSACKO* 
1ACKMBX* 


JACK10M* 
TACKTMA* 
IACKPIO* 


RARE EIAAASSLsseeeAaAaagY, 


la 


ViRQ7* 
INTERRUPT CONTROLLER 


Figure 4-1. Portion of Omnibyte VSBC20 Highlighting PLHS501 Usage 
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File Name : vsbc20is 
Date : 9/13/1988 
Time : 9:4:2 


HHH HRERHRHR RRR HREE Po ION LIS T ### head dt tad dd ta oe ee 


Left Right 
LABEL **PIN PIN** “* LABEL 

vcc xe B-| 1-46 ** **VCC 
VIROQ1 E xe Q- | |-45 ** **AL 
VIRQ2 ** 10-{ 1-44 ** **AD 
VIRQ3 ** T1-1 |-43 ** **AZ 
VIRQ4 **e 12-( [-42 ** **BAS 
VIRQS ** 13-| |-41 ** ** TACK 
VIRQ6 ee 14-| 1-40 **. ** TACKF 
BRDFAIL xe 15-| |-39 ** **N/C 
RESET xk 16-| [-38 ** *eN/C 
FPNMIIN ** 17-4] |-37 ** **N/C 
VIRQ7 ** 18-| |-36 ** **IPL2 
N/C ee 19-| {-35 ** **TPLIL 
GND ** 20-| 1-34 ** **GND 


+ 
or 
< 


OHHH HHH aR 


Bottom Top 

LABEL seas **PIN PIN** xe LABEL 
N/C ** ** 21-| 7 ** **LIRQSIO 
DSACKO =e xe 22="| 6 ** **LIRQPIO 
N/C me ** 23-| one **LIROTMR 
IACKOOM eel ** 24-| 4 ** **LIRQOOM 
IACK10M =o «ek 25-| 36k **LIRQIOM 
IACKTMR “e ** 26-| 2 **LIRQMBX 
IACKPIO =~ eR OT 1. “** **LIROQPE 
D24 xe ** 28-| f=52.%% **LACFAIL 
D25 R* ** 29-| [-5Sr ** **LSYSFAIL 
IACKSIO ** 30-| (=50: ** **N/C 
OFFBRDIACK te 31s 1-49 ** **ACFM 
AUTOVEC ee I2— | 1-48 ** **SYSFM 
IPLO x 33] |-47 ** **PRRM 


wx 


HAM HAAR WR ROO Oa 





Figure 4-2, PLHS501 Pinlist for VSBC20 Interrupt Structure 


@DEVICE TYPE 

PLHS5S01 

@DRAWING 1155 

@REVISION A 

@DATE 9-9-88 

@SYMBOL 

@COMPANY OMNIBYTE CORP. 

@NAME GLENN CASE 

@DESCRIPTION VSBC20 INTERRUPT STRUCTURE PLD 
@INTERNAL NODE 

LIRQ7? ALLIRQ7 AHIACKF AHFPNMIRQ AUTOVECTOR FPNMIRQ 


@COMMON PRODUCT TERM 

LIRQ6 = /LIRQMBX; “LIRQ6 goes high when LIRQMBX goes low” 
LIROQS /LIRQ1OM; 

LIRQ4 /LIRQOOM; 

LIRQ3 /LIRQTMR; 

LIRQ2 /LIRQPIO; 

LIRQ1 /LIRQSIO; 





Figure 4-3. VSCB20IS .BEE File (begins) 
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@I/O DIRECTION 


DB4 = 
DBS 
DB6 
DB7 
XEO 
XE1 
XE2 
XE3 
OE1 
OE2 
OE3 


0; 
0; 
0; 
0; 


/IACKF; 


1; 
1; 
1; 


/TACKF; 


1; 
1; 


@I/O STEERING 
@LOGIC EQUATION 


LIRQ7 


ALLIRQ?7 


[/LACFAIL * ACFM]} 
[/LYSFAIL * SYSFM * BRDFAIL] 
[/LIRQPE * PERRM]; 


PLHS501 
Application Notes Vol. 2 


“LIRQ? goes high when” 


/(/([/LACFAIL * ACFM] 


/{/LSYSFAIL * SYSFM * BRDFAIL] 
/[/LIRQPE * PERRM]]; 


AHFPNMIRQ 


FPNMIRQ = 


IPLO: 


VIRQ3 
XR2 = 


IPL1: 


April 1989 


XR1= 


13 


XR1 = 


(/FPNMLIN 
{AHFPNMIRQ 


(AHFPNMIRQ *IACK 
(AHFPNMIRQ *IACK 
{AHFPNMIRQ *IACK 
[AHFPNMIRQ *IACK 
{AHFPNMIRQ *IACK 


/VIRQ7 
LIRQ7 
/FPNMIROQ 
/LIRQT 
/LIRQ7 
/LIRQ7 
/LIRQT 
/LIRQT 


/LIRQ7 


/VIRQ7 
LIRQ7 


/FPNMIRQ 


/LIRQ? 
/LIRQ7 
/LIRQ7T 
/LIRQ7 
/LIRQ7 


/LIRQ7 


* 


* 
* 
* 
* 


/ (AHFPNMIRQ) ; 


/LIRQ6 
/LIRQ6 
/LIRQE6 
/LIRQ6 
/LIRQ6 


* VIRQ2 
/LIRQ6 * 


* VIRQ2 


VIRQ7 * 
VIRQ7 * 


/LIRQ6 * /LIRQS 
/LIRQ6 * /LIRQS 
/LIRQ6 * /LIRQS 


/LIRQ6 * /LIRQS 


*/IACK * RESET} 
*/IACK * RESET] 


* BAS * RESET] 
* /BAS 
* /BAS 
* 
* 


/BAS 


VIRQ7 * VIRQ6 * 
VIRQ7 * VIRQ6 * 
/LIRQS * /LIROQ4 
/LIRQS * /LIROQ4 
/LIRQ5 * /LIRQ4 


* LIRQ1 
/LIRQS * /LIROQ4 


* /IROQ1; 


LIRQ6 
/VIRQ6 


* /Al * RESET] 
* /A2 * RESET] 
/BAS * /A3 * RESET] 
* A3 * A2 * Al * /AUTOVECTOR * RESET]; 


LIRQS 

/VIRQS 

* VIRQ7 * VIRQ6 * VIROQS * VIRQ4 * LIRQ3 

* VIRQ7 * VIRQ6 * VIRQS * VIRO4 * /VIRQ3 

* /LIRQ3 * /LIRQ2 * VIRQ7 * VIRQ6 * VIRQS * VIROQ4 * 


* /LIRQ3 * /LIRQ2 * VIRQ7 * VIRQ6 * VIRQS * VIRO4 * 


/LIRQ4 * VIRQ7? * VIRQ6 * VIROS * VIRQ4 * LIRQ3 
/LIRQ4 * VIRQ7 * VIRQ6 * VIRQS * VIRO4 * /VIROQ3 
/LIRQ4 * /LIRQ3 * VIRQ7 * VIRQ6 * VIRQS * VIRO4 * /VIRQ3 


* LIRQ2 


/LIRQ4 * /LIRQ3 * VIRQ? * VIRQ6 * VIROS * VIRO4 * /VIRQ3 


* /VIRQ2; 


Figure 4-3. VSCB20IS .BEE File (continued) 
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ILP2: XR1 = /VIRQ7 

LIRQ7 

/FPNMIRQ 

/LIRQ7 * VIRQ7 LIRQ6 

/LIRQ7 * VIRQ7 /VIRQ6 

/LIRQ7 * /LIRQ6 VIRQ7 VIRQ6 * LIROQS 

/LIRQ7 * /LIROQ6 VIRQ7 VIRQ6 * /VIRQS5 

/LIRQ7 * /LIRQ6 /LIRQS * VIRQ7 * VIRQ6 * VIROS * LIRO4 
/LIRQ7 * /LIRQ6 /LIRQS * VIRQ7 * VIRQ6 * VIROS * /VIROQ4; 


++ eeteet 


IACKF = /({(A3 * * Al * FPNMIRQ * /LACFAIL * IACK * /BAS] 
+ {(A3 * * Al * FPNMIRQ * /LSYSFAIL * IACK * /BAS] 
+ 


[A3 * * Al * FPNMIRQ * /LIROQPE * IACK * /BAS)); 


OFFBRDIACK: XR1 /LIRQ7 A3 A2 Al IACK * /BAS * FPNMIRQ * /AUTOVECTOR 
/LIRQ6 A3 A2 IACK * /BAS 
/LIROS A3 Al IACK /BAS 
/LIRQ4 A3 IACK /BAS 
/LIRQ3 Al IACK * /BAS 
/LIRQ2 TACK /BAS 
/LIRQ1 Al TACK /BAS; 
XR2 = 1; 


AUTOVECTOR (/FPNMIRQ * A3 * A2 * TACK * /BAS * RESET] 
{/LIRQMBX * A3 * A2 * IACK * /BAS * RESET] 
{ AUTOVECTOR * /BAS * RESET]; 


AUTOVEC 


= 1; 


= AUTOVECTOR; 


D24: XR1 = /LACFAIL * ACFM 

/LIRQPE PERRM; 
XR2 = 1; 
D25: XR1 /LACFAIL * ACFM 

LIROPE PERRM * /LSYSFAIL * SYSFM 

/PERRM * /LSYSFAIL * SYSFM; 

XR2 = 1; 
IACK10M / (/LIRQ1OM /A2 /BAS) ; 
IACKOOM / (/LIRQOOM /R2 /BAS); 
IACKTMR = /(/LIRQTMR A2 /BAS); 
IACKPIO / (/LIRQPIO A2 /BAS); 


IACKSIO /(/LIRQSIO /BAS) ; 


DSACKO = BAS; 


Figure 4-3. VSCB20IS .BEE File (end) 
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VME Bus EPROM Interface 

The idea for this VMEbus EPROM board 
came from WIRELESS WORLD CIRCUIT 
IDEAS, January, 1988. The implementation 
was done by a Philips’ FAE, John McNally. 


The board contains two banks of EPROMs. 
Each bank consists of either two 27128s or 
two 27256s; each of which can be enabled by 
comparing the address location fo the board. 
Decoding three other address bits selects 
which of the banks is accessed. A 4-bit shift 
register combined with four jumpers provide 
wait states. 


id 


OD [1D |] & [oe [Pp fo 


April 1989 


oO 


The circuit drawing was entered onto a PC 
using FutureNet DASH, a schematic capture 
package (Figures 4-4, 4-5, and 4-6). It was 
then converted to logic equations using 
AMAZE (Figure 4-9) and then assembled 
into a PLHSS501. 

This application, which needs eight ICs, used 
forty-four of the available seventy-two NAND 
Foldback Terms and forth of the available 
fifty-two pins. As the PLHS501 contains no 
registers, an edge-triggered D-type flip-flop 
was designed using NAND gates and this is 
used as a soft macro in order to implement 
the shift register function (Figure 4-6). 


G7 


4 7432 


2) > 3 /ROM1HI 
G9 


/ROM1HI 


As suggested in the original article, the circuit 
could be expanded to access up to eight 
ROM banks (Figure 4-8). This was achieved 
by editing the logic equation file and adding 
extra equations (Figure 4-9). Modifying the 
drawing, although fairly easy to do, was not 
considered necessary as the object was to 
design with PML and not TTL. The expanded 
circuit would require another three TTL IC 
packages, brining the total to eleven. The 
number of foldback terms increased to 
fifty-five, with the number of pins rising to fifty. 
Figure 4—10 shows the pinout of both 
versions. 


/MASEL 


1 7432 


[ 2) > ) > ENDATHI 
i 
iR-W 


1 7432 


/ROM1LO : 3  /ROMILO 
ie 


(SOURCE: WIRELESS WORLD, JAN. 1988, CIRCUIT IDEAS) 


Figure 4~4. VME - EPROM Interface 
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Figure 4-5. Edge-Triggered D Flip-Flop (DFFS) 





Figure 4-6, 4-Bit Shifter (7495) 
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2 ROM BANKS AS ORIGINAL CIRCUIT. 
REPLACES 8 PACKAGES -— USES 46 FOLDBACK TERMS 


716) 5]4}]3]21]1 |52)51}50 |49 | 48/47 


VMEEXP 


21 | 22 | 23 | 24 [25 |26 | 27 |28 | 29 | 30 {31 | 32/33 


/ROMOHI 
/ROM1LO 
/ROM1HI 
NC 

NC 

wc 


NC 

NC 

NIC 
ENDATHI 
ENDATLO 
ENADD 
NC 


EXPANDED TO 8 ROM BANKS 
REPLACES 11 PACKAGES - USES 55 FOLDBACK TERMS 


7)}6/5)4),3/2 


1 152/51 50 /49 (48 | 47 


FULLEXP 


21 [22] 23 | 24 }25 /26 | 27 | 28 | 29 | 30 /31 | 32/33 


/ROMOHI 
/ROM1LO 
/ROM1Ht 
/ROM2LO 
/ROM2HI 
/ROM3LO 


Figure 4-7. VMEEXP and FULLEXP 
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/ROM6HI 
/ROM6LO 
/ROMSHt 
/ROMSLO 
/ROM4HI 
/ROM4LO 
/ROM3HI 
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File Name : VMEEXP 
Date : 2/13/1988 
Time : 10:23:5 


HHHRHRRHRR ERR RRR EEE P ION LIS T ##ttta agg e ead a ee Ft #8 $F 


Left Right 
LABEL ** LABEL 
% **VCC 
**WAIT 
**N/C 
**CKBMZ 
**N/C 
**N/C 
**/R-W 
**DTAK 
** /DTACK 
** /MASEL 
Q3 **N/C 
/ROMOLO *eN/C 
GND **GND 


vec 
A21 
A22 
A23 
/DSO 
/DS1 
R-WN 
Q0 
Ql 
Q2 


+ 
on 
< 


OHHH OHHHHHH 


Bottom Top 
LABEL ae **PIN bal 

/ROMOHI ex *¥-21=| **A20 
/ROM1LO “es ** 22-| **A19 
/ROM1HI ** ¥*" 23> | **A18 
N/C xe KE 2 a= **xALT 
N/C xe ¥x-25=|| **A16 
N/C x ** 26-| **/AS 
N/C we ** 27-| **S17 
ENADD xm ** 28-| **S18 
ENDATLO x xk 29-| **S19 
ENDATHI ae ** 30-4 **S20 
n/c ae ee 31--| **S21 
N/C a% FE 32) **S22 
N/C a ** 33-| **S23 


WAW HA WAH HOW OW OR WY 


Figure 4-8. VMEEXP PLHS501 Pinlist 
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File Name: VMEEXP 
Date: 2/13/1988 
Time: 10:23:41 


@DEVICE TYPE 
PLHS501 
@DRAWING 
VMEEXP .DWG 
@REVISION 
@DATE 
2/12/1988 
@SYMBOL 
@COMP ANY 
@NAME 
VMEEXP 
@DESCRIPTION 
@INTERNAL NODE 
RO3 $O3 DO3 RO2 SO2 
DO2 QO RO1 $O1 DO1 
ROO SOO DOO 
DIRECTION 
DBS = 1; 
DB6=1; 
DB? 1; 
OEO 1 & 
OB1l=1; 
@I/O STEERING 
@LOGIC EQUATION 
RO3 = (/((//MASEL) *SO3*CK8MZ*DO3)) ; 
S03 (/ (CKBM2* (/ (SO3*DO3* (//MASEL))))) ; 
DO3 (/ (Q2*RO3)) ; 
RO2 = (/((//MASEL) *SO2*CKBMZ*DO2)) ; 
SO2 = (/(CKBMZ* (/(SO2*DO2(//MASEL))))) ; 
DO2 (/(Q1*RO2)) ; 
ROL (/ ((//MASEL) *SO1*CKBMZ*DO1)) ; 
sol (/ (CKBMZ* (/ (SO1*DO1(//MASEL))))) ; 
Dol (/(QO0*RO1)) ; 
ROO (/ ((//MASEL) *SOO*CKBMZ*DOO)) ; 
SOO = (/(CKBM2* (/(SOO*DOO*(//MASEL))))) ; 
DOO (/(Q*ROO)) ; 
/ROMOLO (/DSO+(/ (/A16*/0*1*//MASEL))) ; 
/ROMOHI (/DS1+(/(/A16*/0*1*//MASEL))) ; 
/ROM1LO = (/DSO+(/(A16*/0*1*//MASEL))) ; 
/ROM1HI = (/DS1+(/(A16*/0*1*//MASEL))) ; 
Q0 = (/((/ (RO0*Q0)) *SO0*(//MASEL))) ; 
Ql = (/({/ (RO1*Q1)) *SO1* (//MASEL))) ; 
Q2 (/ ((/ (RO2*Q2)) *SO2* (//MASEL))) ; 
Q3 = (/((/ (RO3*Q3)) *SO3*(//MASEL))) ; 
/MASEL = /(/(/[/((A17*S17+/A17*/S17) * (A18*S18+/A18*/S18) * (A19*S19+ 
/A19*/S19) * (A20*S20+/A20*/S20) * {A21*S21+/S21*/S21) * 
(A22*S22+/A22*/S22) * (A23*S23+/A23*/S23)*//A5)])) ; 
/DTACK = /((/(/MASEL+WAIT)) *R-WN) ; 
DTACK = /(/DTACK) ; 
/R-W = /(R-WN) ; 
ENADD = (//A5) ; 
ENDATLO = ((/R-W+/MASEL)+/DSO0) ; 
ENDATHI = (/DS1+(/R-W+/MASEL)) ; 


Figure 4-9. VMEEXP PLHS501 .BEE File 
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File Name : FULLEXP 
Date : 2/13/1988 
Time : 10:11:28 


HHPHHHERHERHRRRS HERR EE P ION LIS T ###e ehh tea a eae gd ttt Ht 


Left Right 
LABEL **PIN FNC ** LABEL 

vcc xx  8-| +5V **VCC 
A21 we 6 9-| I **WO 
A22 ** 10-| *eW1 
A23 Ee TT | **CKBMZ 
/DSO ** 12-| **N/C 
/DS1 ** 13-| **N/C 
R-WN ee 14-| **/R-W 
REG ee 15-| **DTAK 
ENADD «ek 16-| ** /DTACK 
ENDATLO ee 17-4 ** /MASEL 
ENDATHI ** 18-| * *ROM7HI 
/ROMOLO #8 19-"| **ROM7LO 
GND ** 20-1 **GND 


OOOO OHHHHHH 


Bottom Top 
LABEL as **PIN PIN** “% LABEL 

/ROMOHT ae ** 21-| (—Ee* **A20 

/ROM1LO ae ** 22-| I- 6 ** **A19 
/ROM1HI x **-23='| (= 5%* **A18 
/ROM1LO = xk 24-| I- 4 ** **ALT7 
/ROM1HI ae HES 25] [ao e* **A16 
/ROM3LO ae ** 26-| |- 2 **7AS 
/ROM3HI we ** 27-| f= ol **S17 
/ROM4LO mk ** 28-| [=52'** **S18 
/ROM4HI x* Ke 29='| |-51 ** **S19 
/ROMSLO “* «ke 30-| |-50 ** **S20 
/ROMSHI ae *¥* 31-] 1-49 ** **S21 
/ROM6LO xe ** 32-| 1-48 ** **S22 
/ROMEHI “x RRS 3=\( |-47 ** **S23 


xk 


HHH HWA HHH ARR a 


Figure 4-10. FULLEXP Pinlist 
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File Name: FULLEXP 
Date: 2/13/1988 
Time: 10:11:30 


@LOGIC EQUATION 

RO3 (/ ((//MASEL) *SO3*CKBMZ*DO3)) ; 

$03 (/ (CKBMZ* (/ (SO3*DO3*(//MASEL))))) ; 

DO3 (/(Q2*RO3)) ; 

RO2 (/ ((//MASEL) *SO2*CKBMZ*DO2)) ; 

$02 (/ (CKBMX* (/SO2*DO2*({//MASEL))))) ; 

DO2 (/{(Q1*RO2)) ; 

RO1l = (/({//MASEL) *SO1*CKBMZ*DO1)) ; 

Sol (/ (CKBMZ* (/ (SO1*DO1*(//MASEL))))) ; 

Dol (/(QO*RO1)) ; 

ROO (/ ({//MASEL) *SOO*CKBMZ*DOO)) ; 

SOO = (/(CKBMZ* (/SO0*DOO* (//MASEL))))) ; 

DOO (/(Q*ROO)) ; 

/ROMOLO = (/DSO+/(/A16*/A17*/A18*//MASEL)) ; 

/ROMOHI (/DS1+/ (/A16*/A17*/A18*//MASEL)) ; 

/ROM1LO (/DSO+/ (A16+/A17*/A18*//MASEL)) ; 

/ROMLHI (/DS1+/ (A16*/A17*/A18*//MASEL)) ; 

/ROM2LO /(/(/DSO+/ (/A16*A17*/A18*//MASEL))) ; 

/ROM2HI /(/(/DS1+/ (/A16*A17*/A18*//MASEL))) >; 

/ROM3LO /(/(/DSO+/ (A16*A17*/A18*//MASEL))) ; 

/ROM3HI /(/(/DS1*/ (A16*A17*/A18*//MASEL))) ; 

/ROM4LO = (/DSO+/ (A16*/A17*A18*//MASEL)) ; 

/ROM4HI (/DS1+/ (A16*/A17*/A18*//MASEL)) ; 

/ROMSLO (/SAO+/ (A16*/A17 (A18*//MASEL)) ; 

/ROMSHI (/DS1+/ (A16*/A17*A18*//MASEL)) ; 

/ROM6LO = (/DSO+/(A16*A17*A18*//MASEL)) ; 

/ROM6HI (/DS1+/ (A16*A17*A18*//MASEL)) ; 

/ROM7LO (/DSO+/ (A16*A17*A18*//MASEL)) ; 

/ROM7HI (/DS1+/ (A16*A17*A18*//MASEL)) ; 

ENADD (J/A5) ; 

ENDATLO ((/R-W+/MASEL)+/DSO) ; 

ENDATHI = (/DS1+(/R-W+/MASEL)) ; 

Q0 /((/ (ROO*Q0)) *SOO0*(//MASEL)) ; 

Ql / ((/ (RO1*Q1)) *SO1*(//MASEL)) ; 

Q2 / ((/ (RO2*Q2)) *SO2*{//MASEL)) ; 

Q3 = /((/ (RO3*Q3) ) *SO3*(//MASEL)) ; 

/MASEL = /(/([/( (A17*S17+/A17*/A17*/S17* (A18*S18+/A18*/S18) 
* (A19*S19+/A19*/S19) * (A20*S20+/A20*/S20) * (A21*S21 
+/A21*/S21) * (A22*S22+/A22*/S22) * (A23**S23 
+(A23*S23)*//A5))])) ; 

/DTACK = /((/(/MASEL+/ ( (/QO*WO*/W1) +(/Q1*WO*/W1) +(/O2*/WO*WL) 
+(/Q3*WO*W1))))*R-WN) ; 

DTAK = /(DTACK) ; 

/R-W = /(R-WN) ; 

REG = Q0*Q1*Q2*Q3 ; 


@DEVICE TYPE 
PLHSS01 

@DRAWING 
VMEEXP . DWG 

@REVISION 

@DATE 
2/12/1988 

@SYMBOL 

@COMPANY 

@NAME 
VMEE XP 

@DESCRIPTION 

@INTERNAL NODE 
RO3 SO3 DO3 RO2 SO2 
DO2 RO1 SO1l DO1 ROO 
soo DOO 
Q0 Q1 O2 Q3 
DIRECTION 
DB4 =1; 
DBS = ; 
DB6 = 
DB7 = 
OEO 
OE1 
OE2 = 
OE3 
XE0 
XE1 
XE2 
XE3 

@STEERING 
so 
$l 
$2 
$3 


rR 


PPP RP PRP ERP PP 
eo Ne Ne Ne Ne Ne se Sa te te 


ono no 


Figure 4-11. FULLEXP PLHS501 


-BEE File Figure 4-11. FULLEXP PLHS501 .BEE File (Continued) 
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MICRO CHANNEL INTERFACE 
IBM's new Micro Channel Architecture (MCA) 
bus implements new features not found on 
the XT/AT bus. One new requirement for 
adapter designers is that of Programmable 
Option Select (POS) circuitry. It allows 
system software to configure each adapter 
card upon power on, thereby eliminating 
option select switches or jumpers on the main 
logic board and on adapter cards. 


Each adapter card slot has its own unique 
—CDSETUP signa! routed to it. This allows 
the CPU to interrogate each card individually 
upon power up. By activating a card's 
—CDSETUP line along with appropriate 
address and control lines two unique 8 bit ID 
numbers are first read from the adapter. 
Based upon the ID number, the system then 
writes into the card's option latches configura- 
tion information that has been stored in the 
system’s CMOS RAM. The CPU also 
activates POS latch address 102h bit 0, 
which is designated as a card enable bit. 


If a new card is added to the system, an 
auto-configuration utility will be invoked. Each 
adapter card has associated with it a 
standardized Adapter Description File with 
filename of @XXXX.ADF, where XXXxX is the 
hex ID number of the card. The configuration 
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utility prompts the user according to the text 
provided in the .ADF file and updates the 
card's latches and the system’s CMOS RAM. 


IBM reserves 8 addresses for byte-wide POS 
latches, however, depending on the card's 
function, not all addresses need to be used. 
In addition, of those addresses that are used, 
only the bits used need to be Jatched. The 
first two addresses which are reserved for 
reading the ID bytes, and bit 0 of the third 
address, which is defined as a card enable 
bit, are mandatory. Some of the remaining 
bits of the third address are suggested by 
IBM to be used as inputs to an I/O or memory 
address comparator to provide for alternate 
card addresses. Many adapter cards will not 
use more than these three POS locations. 


The following example describes an 
implementation of POS circuitry realized ina 
PLHSS501. It uses only 56 of the possible 72 
internal foldback NAND gates and only a 
portion of the device pins, allowing additional 
circuitry to ba added. Figure 5-1 shows a 
block diagram of the circuit, and Figures 5-3 
and 5-4 are the AMAZE files. Pins labeled 
DOO-D70 must be connected externally to 
pins DOI-D7I. They also must be connected 
through a 74F245 transceiver to the Micro 
Channel. External transceiver direction and 
enable control is provided for by circuitry 
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within the PLHS501. The external transceiver 
may also be used by other devices on the 
adapter card. 


In this application, edge-triggered registers 
are not required and therefore should not be 
used, as transparent latches use fewer 
NAND gates to implement. Figure 5-2 shows 
the various latch circuits described by the 
AMAZE equations. POS byte 2 was made 
using four of the /B device pins and four of 
the B pins. Notice however, from Figure 
5—2(B) that the bits on the /B pins used the 
complement of the input pin, thereby imple- 
menting a non-inverting latch. Also, all 8 bits 
of this byte were brought to output pins. If 
some of the bits are not used by external 
circuitry, then the specific bit latch may not be 
needed or may be constructed entirely from 
foldback NAND gates freeing additional pins. 


An externa! F521 may be added to provide 
for I/O address decoding. As the MCA bus 
requires all 16 bits of the I/O address to be 
decoded, 8 bits may be assigned to the F521 
and 8 bits to the 501. Bit fields decoded in the 
501 may be done so in conjunction with bits 
from POS byte 2 to provide for alternate I/O 
addressing. Additionally, some of the 
available 501 outputs may be used as device 
enables for other devices on the card. 
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RANSCEIVER 
CONTROL 


CHRESET 


3-STATE|_8 
3tol DRIVER |Z 
MULTIPLEXER 


(SETUP) 


(INTERNAL NODE) 


(A) Control Signal Input Latch (1 of 7) (B) Data Latch of Bits 4-7 


(C) Data Latch of Bits 0-3 


Figure 5-2. Latches Used in MCA Interface 
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File Name : MCPOSREG 
Date : 5/31/1988 
Time : 11:50:2 


HHHFFRR RRR RP PRR R HHH EE Po ION LIS T ### eee a ea ase ae aaa e et 


Left Right 
LABEL **PIN ne LABEL 
xk B-| **VCC 
ek Qe] **DAT 
** 10-[ **D3I 
** 11-| **D2I 
** 12-| **D1I 
xe 13-| **DOI 
*k 14-1 **T3 
** 15-] «xD? 

** 16-| **EIL 
**k 17-| **L0 
** 18-| **D70 
«x 1 9=" **D60 
xk 20-] **GND 


+ 
wn 
< 


I 
I 
I 
I 
I 
I 
0 
oO 
Qo 
Oo 
Oo 


Bottom Top 
LABEL ** **PIN wo LABEL 

BUFEN | ** ** 21-| **SS1 
N/C we x* 22-| **S50 
N/C * ** 23-| **SETUP 
IOWB a ** 24-| **CMD 
N/c - ** 25-| **A2 
N/C a ** 26-| **AL 
N/c *k ** 27-| **A0 
DOO ** ** 28-| **MIO 
D10 ** QO  ** 29-] **ADL 
D20 ** ** 30-| **RST 
D30 * ** 31-| **D7I 
D40 * ** 32-| **D6I 
D50 ** ** 33-| **xDST 


HHA RHR RRR Ya YH 





Figure 5-3. PLHS501 MCPOSREG Pinlist 
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File Name: MCPOSREG 
Date: 5/31/1988 
Time: 11:50:17 


@DEVICE TYPE 
PLHS501 
@DRAWING 
@REVISION 
@DATE 
@SYMBOL 
@COMPANY 
@NAME 
@DESCRIPTION 
Basic Programmable Option Select circuitry 
for a Micro Channel Adaptor card 


@INTERNAL NODE 
/setupl,/miol,a0l1,all,/a21,ss01,ssl1l; 
/en, outen, /iow; 

@COMMON PRODUCT TERM 
read0 = (setupl*/ssl1*ss01*miol*/cmd*a21*/all*/a0l); 
readl = (setupl*/ssi1*ss0Ol*miol*/cmd*a21*/all* a0l1); 
read2 = (setupl*/ssl11*ssl0*miol*/cmd*a21* all*/a01); 


NOTE: In the above equations, setupl, miol and a21 all should be 
preceded by a slash (/). The slash was omitted to correct for 

a mapping error in AMAZE 1.65 when using active low internal node 
definitions in common product terms. 


b7h = 
b6éh = 
bSh 
b4h 
b3h 
b2h 
blh 
bOh 


“ Define high ID byte ” 
* (POS byte #1) ee 
= JE hex m 


ee ee a 


OrPrPPHPRHO 


Be Ne 


b71 Define low ID byte ” 

b6él ; (POS byte #0) ‘ 

b51 FF hex ” 

b4l 

b31 

b21 

bll 

bOl 1; 

DIRECTION 

“3-state output control of d7o-d0o0” 

xe0 = (/setupl*/ssl1*ss01*/miol*/cmd*a21*outen) ; 

xel (/setupl1*/ssl1*ss01*/miol*/cmd*a21*outen); 

xe2 = (/setupl*/ss11*ss01*/miol*/cmd*a21*outen) ; 

xe3 = (/setup1*/ssl1*ss01*/miol*/cmd*a21*outen) ; 
@I/O STEERING 


Figure 5-4. PLHS501 MCPOSREG .BEE File (begins) 
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@LOGIC EQUATION 


“ 7-Bit Input Latch for Control Signals ” 


/setupl = /setup*/adl 


+ /setupl*adl; 
/moil /mio */adl + /miol ‘*adl; 
ssll ssl */adl + ssll *adl; 
ss01 = ss0O */adl + ss01 *adl; 
/a2l = /a2 *fadl + /a2l *adl; 
all =al *fadl + all *kadl; 
a0l = a0 x/adl + a0l *adl; 


“ Option Select Octal Data Latch (POS byte #2) ” 
“10 is to be used as a card enable signal” 


fen = /{/setup1*/ss01*ss11*/miol*/cmd*/a21*ali*/a01J]; “write to latch” 


417 = /({/d7i * en] /{17 
/16 = /[/d6i * en] /{16 
415 = /[{/dS5i * en] 7(15 
/14 = /[/d4i * en] /(14 
13 = /(/{( da3i en * /rst] 
12 = /(/[ d2i en * /rst] 
11 = /(/[( dali en * /rst] 
10 = /(/[ doi en * /rst] 


/en] 
/en) 


* [/rst]; 
* [/rst]; 
Jen) * [/rst]; 
Jen) * [/rst]; 
7{13 * /en * /rst)); 
/{12 * fen * /rst]); 
/{11 * Jen * /rst)); 
7{10 * /en /rst)); 


+ + + + + & HF 


“ Octal 3 to 1 Multiplexer ” 
“ This miltiplexer selects between reading 
POS[0], POS[1] or POS[2] onto the data bus” 


{(b7h* readl 
(b6h* readl 


+ b71*readO + /17*read2); 

+ b6l*readO + /16*read2); 
(b5h*readl + b51*readO + /15*read2); 
(b4h*readl + b4l*readO + /14*read2); 
(b3h*readl + b31l*readO + 13*read2); 
(b2h*readl + b21]1*readO0 + 12*read2); 
(blh*readl + bll*readO + 11*read2); 
(bOh*readl + bO1l*readO + 10*read2); 

“3-State output control for d7o-d0o: 


outen =/[all*a0l]j; 
“External F245 transceiver control” 
iowb /(/a21 * /setupl * miol * ssll * /ss0l); 


/iow /(/a21 * /setupl * miol * ssll * /ss01l); 
bufen cmd * /iow; 





Figure 54. PLHS501 MCPOSREG .BEE File (end) 
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NuBus INTERFACE 


In Apple Computer’s book* “Designing Cards 


and Drivers for Macintosh Il and Macintosh 
SE”, an application was described for 
interfacing an 8-bit {/O controller to the 
NuBus. The controller used was a SCSI 
controller of the type used on the main 
Macintosh logic board. Seven devices (three 
of which were PAL architecture) were used 
as control circuitry interfacing the SCSI 
controller and two RAM chips to the bus. 


This example of using the PLHS501 shows a 


method of interfacing the same SCSI 


controller and RAM chips to the NuBus using 
only three parts. The adapter card schematic 
is shown in Figure 6-2 and the AMAZE listing 


is in Figure 6-6. Although the AMAZE listing 
may seem confusing at first glance, the 
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circuitry fused into the PLHS501 can be 
broken down into small blocks of latches, 
flip-flops, and schematically in Figures 6-4 
and 6-5. Circuit timing is shown in 

Figure 6-3. 


Referring to Figure 6-4 and Figure 6-5, the 
circuitry starts a transaction by first detecting 
a valid address in either the slot or super slot 
range. The detection is accomplished by two 
wide-input NAND gates, and controlled by the 
/CLK signal. Following each NAND gate is an 
S-R latch to hold the signal until near the end 
of the cycle. The two S-R latch signals are 
combined into one signal named STO such 
that if either NAND gate output was low, then 
some delay time after the rising edge of 
/CLK, STO will go low. The next rising edge of 
/CLK will cause signal ST1 to go low. This 


MASTER 


Lee 


Lee 


eeereeal 
ee 


sets signal DE2 low, which is an input to an 
external flip-flop to cause ST2 to go low at 
the next rising /CLK edge terminating the 
cycle. An external flip-flop was necessary to 
achieve a high-speed /CLK to /IOR and /ACK 
transition. Also, an external F125 buffer was 
added to meed the soon to be approved 
IEEE P1196 specification requirement of 
60mA lot for signal /NMRQ and 24mA lo, for 
signals /TMO/TM1 and /ACK. Figure 6-5(B) 
shows an easily implemented latch which 
controls interrupts generated by the SCSI 
controller passing onto the bus. Upon 
/RESET the latch is put into a known state. 
Under software control, by writing toa 
decoded address, the latch may be set or 
reset, thereby gating or blocking the interrupt 
signals. 


CLOCK 
ORIGINATION 


CLOCK 


ADDRESS, DATA, 
CONTROL AND PARITY 


SS) AROITATION 


Figure 6-1. Simplified NuBus™ Diagram 





* Designing Cards and Drivers for Macintosh Il and Macintosh SE, Addison-Wesley Publishing Company, Inc. 1987. 
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74F125 


8saea 
aaa 
scree 


aS 


ry 
(ill 
S288R8 


(A024 (> 

AOW 

GND 

GND /RAMCS 
‘AB GBA 


(RAM 
G 
Aor 74F651 ‘ 
jessy /ROMCS 


IDACK © 
‘scsi 


‘ > 
aise 
19% 


A 
A19 


x 
Oo 
< 
a 





N 
o 


I 


Voc /DBP 
DB? 

/DB6 

/DB5 

/DB4 

/DB3 

SCsi /DB2 
CTRLR/DB1 
/DBO 


sea e 


SBSBRE naoosnras 


ISEL 
/AD15[_> /BSY 


/AD14(__> IACK 
/A013 LT /ATN 
/AD12{" > IRST 
JADI1( > , : ANO 
iCNO 
MSG 
(REQ 


as 


& 





BS 
o 


(RESET 
GND 


a 





Figure 6-2. Adapter Card Schematic 
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ICLK 
‘START 


ACLK 

TMx 
‘SLOT/SUPER 
STO 

sT1 

sT2 


IACK 


(SCSIDACK 
/ROMCS, /RAMCS 


AOR 


Aow 


Figure 6-3. Timing Diagram 


Pee) ep. 
: 
e 
D3 
AD3 _) > 


D4 


07 
START 
(ACK 
CLK 
/RESET 


D4 
yD 
e 
@ 


e 
D ISP 
iy <)> DD; 


START 
JACK 
CLK 
/RESET 
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D-LATCH WITH INTEGRAL AND GATE INPUT 
(DELAY INPUT UNTIL RISING EDGE OF /CLK) 


Figure 6-4. Decoding and Latch Circuitry 
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AD/CLK 


(A) Four Internal Flip-Flops Constructed from NAND Gates. 


Slot't1OW*SetAddr 
AND-OR FUNCTIONS 


Slot'tOW*ResetAddr 
RESET 
(B) Interrupt Enable Control Latch 


Internal Flip-Flops and Latches 


Figure 6-5. Internal Flip-Flops and Latches 
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HHERERRREEREEEERE RH EH P ION 


Left 
LABEL xk 
vec nk 
/ID2 ** 
/ID3 ee 
DRO “* 
IRQ we 
ST2 ** 
N/C ** 
N/C xx 
N/C “x 
N/C ** 
N/C aS 
N/C ei 
GND xk 
Bottom 
LABEL “* 
N/C ak 
N/C ae 
ACLK ~~ 
/ROMCS a 
/RAMCS ** 
N/C bathed 
/NMRQ x* 
DE2 ** 
/RESET a* 
/SCSI ak 
/DACK ** 
/IORR ** 
/IOW xe 
@DEVICE TYPE 
PLHS501 
@DRAWING 
@REVISION 
@DATE 
@SYMBOL 
@COMP ANY 
@NAME 
@DESCRIPTION 


SCSI-NuBus Interface 
@INTERNAL NODE 
/sl,/sp,/SLOT, /SUPER; 
sni,sn2,rnl,rn2; 
sn3,rn3,stl; 
sn4,rn4,tmil1,tmiln; 
CMP3a,CMP2a,CMPla,CMP0a; 
CMP 3b, CMP2b,CMP1b, CMPOb; 
/slt,/sup, stin, adclk; 
setad, rstad, inten; 
slotn, supern; 
@COMMON PRODUCT TERM 
@I/O DIRECTION 
@I/O STEERING 
@LOGIC EQUATION 


“Address Decode” 
emp0a = (dO*id0+/d0*/id0); 
cmpla = (d1*idl+/d1*/idl); 


+ ‘ry 
na 
<a 


OOOO OHHHHHH 


° 
< 


FNC 


/O 
/0 
/O 
/O 


oooo°0o 


**PIN 


kk 
** 
xk 
x* 
** 
x* 


** 


** 
x* 
x* 
** 


** 


9-| 
10-| 
11-| 
12-| 
13-] 
14-| 
15-| 
16-| 
17-| 
18-| 
19-| 
20-| 


**PIN 


x** 
** 
kk 
** 
ke 
wk 
xe 
kk 
Kk 
wk 
xk 
kk 


Ke 


21-} 
22-] 
23-| 
24-| 
25-] 
26-| 
27-| 
28-| 
29-| 
30-| 
31-| 
32-] 
33-| 


rFoON ar 


rPOoOMNXr sy 


PIN** 


1-46 
1-45 
1-44 
1-43 
1-42 
}-41 
1-40 
|-39 
|-38 
|-37 
1-36 
}-35 
|-34 


xk 
xk 
** 
kk 
xk 
xxK 
** 
xx 
xx 
kk 
x* 
x* 


Kk 


ak 
** 
ak 
** 
** 
** 
we 
x* 


** 


FNC 


HAHAH HARA RRR Raa 


Figure 6-6. AMAZE Listing (begins) 
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LIS T ###t# te eee eee ee aa et at 


Right 

** LABEL 
**VCC 
RODE 
**xDO 
**A19 
**A18 
**AQ 
**STO 
*kN/C 
*EN/C 
**N/C 
*IN/C 
**N/C 
**GND 


Top 
ae LABEL 
**/IDL 
**/IDO 
** /RESET 
**/TM1 
**/ACK 
**/START 
** /CLK 
**D7 
*KDE 
**keDS 
**xD4 
**xeD3 
x*D2 
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(d2*id2+/d2*/id2); 
(d3*id3+/d3*/id3); 
(d4*id0+/d4*/id0) ; 
(d5*idit/d5*/idl); 
(d6*id2+/d6*/id2); 
(d7*id3+/d7*/id3); 


/ (A7*d6*d4*cmp0a*cmpla*cmp2a*cmp3a*start*/ack*clk) ; 

/ (cmp0b*cmp1b*cmp2b*cmp3b*start*/ack*clk) ; 

“latch slot signal” 

= /(/reset*st2*/[/sl*/slt]); 

“latch super signal” 

= /(/reset*st2*/[/sp*/sup]); 

“Let /slt or /sup through only 

until after the rising edge 

of /clk” 
st0O = /(/[/slt*/sup*clk] * /{stO*clk] * /[/slt*/sup*st0] * /reset); 

“Slot signal D-type Flip-Flop” 
snl /(/clk*slt*(/{snl*/reset*/super* (/[st0*rnl*/slt])])); 
rnl /(/eolk*snl* (/[stO*rnl*/slt])); 
/slot = /{(/reset*/super*sni*slotn); 
slotn = /(//slot*rnl1*/slt); 

“Super signal D-type Flip-Flop” 
sn2 = /(/clk*/sup* (/[sn2*/reset*/slot*(/[st0*rn2*/sup])})); 
rn2 = /(/clk*sn2*(/[st0O*rn2*/sup])); 
/super = /(/reset*/slot*sn2*supern) ; 
supern = /(/super*rn2*/sup) ; 

“State 1 D-type Flip-Flop” 
sn3 / (/elk* (/{sn3*/reset* (/[st0O*rn3])])); 
rn3 = /(/clk*sn3*(/[(st0*rn3])); 
stl = /(/reset*sn3*stln); 
stln= /{(stl*rn3]; 

“output to external flop” 
de2 = /(stln * st2); 

“address latch clock” 
adclk = clk*st0*stl; 
aclk = clk*st0*stl; 

“latch tml signal for r/w info” 
sn4 = /(adclk*/reset* (/[sn4*(/[/tm1l*rn4*/reset])])); 
rn4 = /(adelk*sn4* (/[/tml*rn4*/reset])); 
tmll = /(sn4*tmlln); 
tmlln= /(rn4*/reset*tm1l); 

tmll -> 1 read, 0 write 

tmlln -> 0 read, 1 write 

“straight decode stuff” 
/iorr = /(/st0*tml1l /reset); 
/iow /(/tmlln*st0 /reset); 
/scsi /(slotn*/al9*/al8*/a9 /reset); 
/dack /(slotn*/al9*/al8* a9 /reset); 
/romcs= /{slotn* al9* al8 /reset); 
/ramcs= /(supern /reset); 
/resetb= /reset; 

“interrupt control latch” 
setad = /(tmlln*/stO*slotn* al9*/al8* a9); 
rstad = /(tmlln*/st0O*slotn* al9*/al8*/a9); 
inten /(setad* (/{inten*rstad*/reset])); 
/nmrq /(inten*drqtinten*irgq) ; 





Figure 6-6. AMAZE Listing (end) 
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NUGGETS 

Much current focus for microprocessor 
design is on the address bus. Typically, most 
designers assume the processor will handle 
the data manipulation and the data bus is 
assumed to be a straight, clean path to and 
from the memory. Data transformations may 
be accomplished for specific purposes when 
the application requires it. For instance, a 
classic transformation from the early 70's was 
the bit reversal required to address operands 
for a Fast Fourier Transformation. When 
designers implemented bit reversal as a 
separate hardware process, the whole 
system improved. Likewise for hardware 
multipliers. 


Also, a hidden “transformation” is the 
appending of parity and the calculation of 
E.C.C. polynomials. Clearly, when the 
designer recognizes that significant 
performance improvement can be achieved 
by realizing the payoff attainable with a 
special purpose hardware device, he should 
design it. For example, let's consider parity 
generation: 


Data Bus Parity 
The PLHS501 can span 32 bits of input data. 
It has four output Ex-OR gates, and the ability 


Table 7-1. Even Parity Functions 


Table 7-1(A). 


<<+———_ INPUTS ——+}.—— 2 LEVELS ——+| 


Ww 


Figure 7~1(A). 
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to generate literally any function of the inputs. 
It would seem that there must be some “best” 
way to generate and detect parity. Recall that 
the PLHS501 can generate both deep logic 
functions (lots of levels) and wide logic 
functions (lots of inputs). The best solution 
would require the fewest gates and the 
fewest number of logic levels. Let's review 
the basics, first. Table 7-1(A) shows the 
parity function for two variables and Table 
7—1(B) shows it for three variables. The 
Ex-OR function generates even parity. 


Itis noticeable that there are precisely 50% 
logical 1 entries in the truth tables. This yields 
the famous checkerboard Karnaugh Maps. 
With a checkerboard K-map, no simplification 
of Ex-OR functions is possible by Boolean 
simplification. The two variable Ex-OR has 
two ones (implying 3 gates to generate), the 
3 variable has four ones (implying 5 gates to 
generate). In general, 2-'+1 product terms 
could generate Ex-OR functions in two levels 
of NAND gates (assuming complementary 
input variables exist). You must have an 
unlimited number of gate inputs for this to 
hold. 


The PLHS501 could do this for 7 input 
variables in two levels (26+1=65), but cannot 


—~=4-4Ac000|> 
-Ace--~oolW 


-O+-0+2+0+ 0/190 


support 8 (27+1=129). Hence, itis 
appropriate to seek a cascaded solution, 
hopefully taking advantage of the available 
output Ex-OR functions. Let's solve a 16 
input Ex-OR function, by subpartitioning. 
First, consider Figure 7~1(A) where two 
literals are Exclusive-ORed to generate an 
intermediate Ex-OR function. This requires 
available complementary inputs and 
generates even parity in two levels. 

Figure 7—1(B) also does this (by factoring), 
requiring 3 gate levels, but does not require 
complementary inputs. 


Assuming inputs must get into the PLHS501 
through the pin receivers, it is best to 
generate as wide of an initial Ex-OR as 
possible, so a structure like Figure 7—1(A) 
expanded is appropriate. Figure 7-1 shows a 
2-level 4 input Ex-OR function which may be 
viewed as a building block. This structure 
may be repeated four times, across four sets 
of four input bits generating partial inter- 
mediate parity values which may then be 
treated through two boxes similar to 

Figure 7—1(B). These outputs are finally 
combined through an output Ex-OR ata 
PLHS501 output pin. Figure 7-3 shows the 
complete solution which requires 44 NANDs 
plus one Ex-OR. 


=-o0-0--o19 


Table 7—-1(B). 


Figure 7-1. Complementary Input Levels 
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Figure 7-1(B). 
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Figure 7-2. Four Variable Ex-ORs 


HG. 7-1(B) 


AG. 7-1(B) 


Total gates = 44 + 1 Ex-OR. 
Gate Delay = 5-NAND levels + 1 Ex-OR. 





Figure 7-3. 16 Input Even Parity Generation 
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Two examples follow which were supplied by § The second example “compare” implements, accurately enter a relatively long design 
one of our European Sales Engineers, a 16-bit comparator over 32 input bits. The equation into Signetics AMAZE. 

Nils Lindgren. The first, called “paritet”, design generates outputs for conditions 

calculates even and odd parity for 24 input representing the classic “EQUAL”, “AGTB” 

literals. Several output options are available (A>B) and BGTA (B>A). The long, 


and the design uses a cascade witha triangularized equation for T42 suggests that 
different partitioning than just previously Nils found a clever editing approach to 
discussed. 


File Name : PARITET 
Date : 5/31/1988 
Time : 10:26:22 


HHRERREEHRRR EERE RRR EH P I ON LIS T ##tee gee teat tt #8 eo 8 eH 


Left Right 
LABEL FNC **PIN x LABEL 
vec +5V **  B-] **VCC 
xk 9-] KKK 
kk 10-{ KkKT 
** 11-{ KxI 
** 12-| * kW 
** 13-| KG 
** 14-4] **N/C 
ee 15=| **N/C 
** 16-| **kN/C 
ROT , **OEN 
xx 18-| *EN/C 
** 19-| xIN/C 
** 20-| **GND 


L 
I 
E 
I 
I 
I 
B 
B 
B 
B 
Oo 
0 


Bottom Top 

LABEL ae **PIN ae LABEL 
N/C ** **k 21-| xy 
N/C x* xk 22-| *KX 
ODD_Oc me x* 23-| xe 
ODD ** kk 24-| *xY 
EVEN Eas ** 25-| ¥ eT. 
EVEN_OC ** 26-| 
N/C Re 24 || 
N/C ee 28>) 
N/C ee 29>"| 
N/C ** 30-| 
N/C ex 31) 
N/C wee Le 
N/C ex 33-( 


*xS 
**R 
**xQ 
**pD 
**O 
**N 
*eM 
**T, 


Ln Oe De ce ee oe 


Figure 7-4. PARITET PLHS501 Pinlist 
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File Name : PARITET 
@DEVICE TYPE 
PLHS501 
@DRAWING 
@REVISION 
@DATE 
1988 
@SYMBOL 
@COMPANY 
Philips 
@NAME 
Nils Lindgren 
@DESCRIPTION 
24 bit parity circuit 
@INTERNAL NODE 
JO Ji J2 33 J4 35 36 J7 38 39 TO T1 T2 T3 
@COMMON PRODUCT TERM : 
@I/O DIRECTION 
OE1=T2*T3*/OEN; 
OE2=/0EN; 
OE3=T0O*T1*/OEN; 
@I/O STEERING 
@LOGIC EQUATION 
“FIRST LEVEL: ‘EVEN’ FROM GROUPS OF THREE INPUTS” 
J0=/A*/B*/C + /A*B*C + A*/B*C + A*B*/C; 
J1=/D*/E*/F + /D*E*F + D*/E*F + D*E*/F; 
J2=/G*/H*/I + /G*H*I + G*/H*I G*H*/T; 
J3=/I*/K*/L + /I*K*L + J*/K*L + I*K*/L; 
+ + 
+ + 
+ + 
+ 


J5=/P*/Q*/R /P*Q*¥R + P*/Q*R + P*Q*/R; 

J6=/S*/T*/U + /S*THU + S*/THU + S*T*/U; 

IT=/V*/X*/Y + /VEX*Y + V*/X*Y + VEX*/Y; 
“SECOND LEVEL: ‘EVEN’ FROM FOUR GROUPS AT A TIME” 

J8=/JO*/T1*/I2*/IT3 + /JO*/T1*I2*IZ + JOKIL*/I1*/I3 + /JO*II*I2*I3 
+ JO*/T1*/J2*I3 + /JO*I1*/IJ2*IZ + JO*/I1*I2*/I3 + JO*T1*I2*I3; 

T9=/I4¥*/IS*/IO*/IT + /T4*/IS*IO*IT + J4*IS*/IO*/I7 + /T4*IS*IC*IT 
+ JA*/IS*/JO*IT + /T4*IS*/IE*IT + J4X/IS*IC*/IT + JA*IS*IO*IT; 

TO=/ (J8*I9) ; 

T1=/ (/38*/I9); 

T2=/ (J8*/J9); 

T3=/(/58*I9) ; 

ODD=/ (T2*T3) ; 

EVEN=/ (TO*T1) ; 

ODD_Oc=0; 

EVEN_OC=/ (1); 


+ 

+ 

+ 
J4=/M*/N*/O /M*N*O M*/N*O + M*N*/O; 

+ 

+ 


Figure 7-5. PARITET PLHS501 .BEE File 
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File Name : compare 
Date : 5/31/1988 
Time : 10:25:29 


HHHHHHH HHH HH RHR HEE EE P ION LIS T ##eeheaaea tt ead dt 8 tHe 


Left Right 
LABEL **xPIN ae LABEL 
VCC kk 8-| **VCC 
AQ xk 6 O-| **B2 
Al ** 10-| **xB1 
A2 ee 11-| **BO 
A3 ** 12-| **AP 
A4 ** 13-] **AE 
A5 xx 14-| **AD 
A6 we 15-| **AC 
Al ** 16-| **AB 
A8 ** 17-| **AA 
AQ ** 18-| *N/C 
xe 19-| *#N/C 
xk 20-| **GND 


COHHRHHHHHHHHAH 
OOH HHHHHHHH 


oO 
< 


Bottom Top 
LABEL ne **xPIN PIN** * >. LABEL 
EQUAL ** xe 21-| [= ee ** BF 
AGTB bara xk 22-| |=" 67-** **BE 
BGTA ae HE 23 =f |- 5 ** **BD 
N/C =e xx 24-| 1- 4 ** **BC 
N/C bathed ee 29-1 |- 3 ** **BB 
N/C ** ** 26-| |- 2 ** **BA 
N/C ** xx 27-| |- 1 ** *xkBO 
N/C xe ** 28-| [=32) 8% **B8 
N/C eK ER 29= | {-51 ** **B7 
N/C ee ** 30-| |=50:..** **B6 
N/C me ee I1= I 1-49 ** **BS 
N/C Sd x* 32-] 1-48 ** **B4 
N/C xx ek 33=| |-47 ** **B3 


WHA RRR RRR a 


Figure 7-6. PLHS501 Pinlist for 16-Bit Comparator 
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File Name compare 
Date : 5/31/1988 
Time 10:25:43 


@DEVICE TYPE 
PLHSS5O1 

@DRAWING 

@REVISION 

@DATE 

@SYMBOL 

@COMP ANY 
PHILIPS 

@NAME 
NILS LINDGREN 

@DESCRIPTION 
16 BIT COMPARATOR WITH THREE OUTPUTS: 

EQUAL, AGTB (A>B), AND BGTA (B>A) 

@INTERNAL NODE 
Tl ‘T2. 13 
T9 710 T11 
T17 T18 T19 
T25 T26 T27 
T41 T42 

@COMMON PRODUCT TERM 


T4 

T12 
T20 
T28 


TS 

T13 
T21 
T29 


T6 

T14 
T22 
T30 


T7 T8 

T15 T16 
T23 T24 
T31 732 


@I/O DIRECTION 

@I/O STEERING 

@LOGIC EQUATION 
Tl=/ (AF*/BF) ; 
T3=/ (AE*/BE) ; 
T5=/ (AD*/BD) ; 
T7=/ (AC*/BC) ; 
T9=/ (AB*/BB) ; 
T11=/ (AA*/BA) ; 
T13=/ (A9*/B9) ; 
T15=/ (A8*/B8) ; 
T17=/ (A7*/B7) ; 
T19=/ (A6*/B6) ; 
T21=/ (A5*/B5) ; 
T23=/ (A4*/B4) ; 
T25=/ (A3*/B3) ; 
T27=/ (A2*/B2) ; 
T29=/ (Al1*/B2); 
T31=/ (A0*/BO) ; 


T2=/(/AF*BF); 
T4=/ (/AE*BE) ; 
T6=/(/AD*BD) ; 
T8=/ (/AC*BC) ; 
T10=/ (/AB*BB) ; 
T12=/ (/AA*BA) ; 
T14=/(/A9*B9) ; 
T16=/ (/A8*B8) ; 
T18=/ (/A7*B7) ; 
T20=/ (/A6*B6) ; 
T22=/ (/A5*BS) ; 
T24=/ (/A4*B4) ; 
T26=/ (/A3*B3) ; 
T28=/ (/A2*B2) ; 
T30=/ (/A1*B1); 
T32=/(/A0*BO) ; 


T41=T1L*T2*T3*T4*TS*TE*T7*TS*TO*TLO*XTIL*T12*T13*T14*T15*T16*T17* 
TI8*T19*T20*T21*T22*T23*T24*T25*T2Z6*T27*T28*T29*T3IO*TIL*T32; 


T42= 


EQUAL=T41; 
AGTB=T42; 
BGTA=/ (T41+T42) ; 


April 1989 


/T1+ 

/T3*T2+ 

/T5*T4*T2+ 

/TT*TO*XT4*T2+ 
/TO*TE*TEXT4A*T2+ 
/TLIL*TLIO*XTSO*TE*T4*T2+ 
/T13*T12*T1LO*TS*TE*T4 *T2+ 
/TI5*T14*T12*T10*T8*T6*T4*T2+ 


/T17*T16*T14*T12*T10*T8*TE*T4*T2+ 
/TIO*TIB*T1LE*TL4*TI2*T1O*TS*TE*T4*T2+ 
/T21*T20*T18*T1LE*T14*T12*T1O*TSE*TE*T4*T2+ 
/T23*T22*T20*T1B*T1E*T1I4*TI2Z*T1O*TS*TE*T4*T2+ 
/T25*T24*T22*T20*T1IB*T1LE*T14*T12*T1O*TS*TE*T4*T2+ 
/TIT*T26*T24*T2Z2*T2O*TIS*TLE*T1I4*TI2Z*T1LO*TS*TE*T4*T2+ 
/T29*T28*T26*T24*T22*T20*T18*T16*T14*T12*T1O*TS*TO*T4*T2+ 
/T31*T30*T28*T26*T24*T22*T20*T1B*T16*T14*T12*T1IO*TS*TE*T4*T2; 


Figure 7-7. Compare PLHS501 .BEE File 
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Data Bus Operations 

The following is basically an academic 
example, posed for the sake of illustration. 
Suppose some special data bus operations 
are desirable. For the purpose of illustration, 
let's label the microprocessor bus output side 
as ODATO-ODAT15 and the output of our 
PLHS501 as DO-D15. Basically, the micro- 
processor will output straight data and the 
PLHS501 will alter it according to some plan. 


We will replicate multiple identical cells, but 
they need not be identical in practice. 
Table 7-2 shows the operations to be done 
(just about any could be chosen, provided 
they meet the gate budget). 


Table 7-2. Data Operations 


ra [oor 
To [ooarieaa | 
td 
iA 












1 


ia 
Do 
ee | 
ae [wren | 
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A2 
M 
ODATI+2 


Figure 7-8. Basic Cell Structure 





It may be observed that in one mode, the 
data passes directly, it complements in 
another, switches bits in another and rotates 
right in the last. Four input gates per bit are 
required to map the bits, and one output gate. 
Clearly, the straight PLHS501 NAND outputs 
can be judiciously used, but care must be 
taken when using other output functions. A 
16-bit data bus requires 16 cell configuration 
where each cell is essentially identical to 
Figure 7-8, but its internal structure may be 
altered to account for the particular output 
pins logic function. ce 
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INTRODUCTION 

Certain design techniques are used 
repeatedly by nearly all digital systems 
designers. If these useful building blocks 
occur with enough volume production, they 
become special purpose contenders for 
silicon manufacturers to justify rendering as 
standard products. Some building blocks, 
however, are never viewed as likely 
candidates because the performance 
requirements may be too high, the volumes 
not high enough, or it never occurred to 
marketeers that these subsystems would be 
valuable. System designers could fashion 
solutions to these building blocks from glue 
logic or PLDs and sometimes small gate 
arrays. Several typical building blocks will be 
illustrated here — including a 4-byte 
datapipe, a small content addressable 
memory (CAM), a system resource 
scoreboard and a synchronous receiver/ 
transmittor. The generation of each building 
block will be demonstrated with a Signetics 
PLHS502 (Figure 1~1). This device is 


August 1989 


PLHS502 


Application Notes 
Vol. 1 


rendered in the Programmable Macro Logic 
(PML) architecture which deftly bridges the 
gap between gate arrays and ordinary PLDs. 


Designed with a high-speed bipolar process, 
the PLHS502 combines 64 extremely wide 
foldback NAND gates with two types of 
internal flip-flops. The PLHS502 provides 8 
intemal D flip-flops and 8 internal S-R 
flip-flops. Each flip-flop can toggle in excess 
of 50MHz. These flip-flops are called “hard 
macro” flip-flops. Unique among such 
programmable devices, each flip-flop has . 
completely independent clocking. This allows 
either external clocking (from four different 
pins) or internally derived clocking events. 
Ripple and synchronous controllers may be 
freely mixed. It should be remembered that 
additional flip-flops and specially custom 
designed flip-flops may be configured from 
the NAND array. Clock independence is a 
requirement for generating distinct internal 
sequencers and controllers. Additionally, it 
should be noted that the flip-flop Q outputs 
cross the clock fusing array, but @ outputs do 


814 


not. The PLHS502 is packaged in a 68-pin 
PLCC. 


This application note consists of several 
sections. The next section briefly describes 
Signetics SNAP software package for. . 
implementing PML designs. Section 3 
describes the basic process for estimating. 
whether a design will fit into a PLHS502. In 
Section 4, some guidelines for designing 
synchronous state machines are given with 
focus on efficient counter and shifter design. 
Specific examples are included which may be 
easily mimiced for successful state machine 
design. Additional guidelines are then 
provided in Section 5, for optimizing a design 
before it is implemented with SNAP. These 
guidelines will help guarantee that SNAP 
implements the function precisely as needed. 
In Section 6, some larger examples are 
provided which illustrate some interesting and 
unique capabilities of the PLHS502. Section 
7 details a procedure for merging logic 
functions into flip-flops for faster, more 
efficient structures. 
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INPUT 64NAND TERMS OUTPUT TERMS 
BUFFERS 63 @2 1 0 


(x8) 


) HI 012-045 
ay 
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(x4) 


p 7 Op - 07 


OUTPUT 
BUFFERS 


8 S-R FLIP-FLOPS 





Figure 1.1 PLHS502 Logic Diagram 
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DEVELOPMENT SUPPORT 
Because the architecture encourages deep 
functional nesting, a new support tool has 
been developed. Synthesis, Netlist, Analysis 
and Program (SNAP) software defines a gate 
array type development environment. SNAP 
permits several forms of design capture 
(schematic, Boolean equations, state 
equations, etc.), a gate array simulator with 
back annotation, waveform display and a 
complete fault analyzer and final fusemap 
compilation and model extraction. SNAP 
comes with a library of cells, and designs 
may be captured independently of the 
ultimate device that will implement the 
design. This permits the designer to migrate 
his design among a family of PML devices 
just as gate array designs can be moved to 
larger foundations when they do not route on 
smaller ones. Figure 2-1 shows the SNAP 
user interface "Shell" which dictates one 


sequence of operations to complete a design. 


Other sequences may be used. 


The top portion of the shell depicts the paths 
available for design entry. Any design may be 


WAVEFORMS 


SIMNET 


TESTVECTOR 


Figure 2-1. SNAP Shell Design 


FutureNet and DASH are trademarks of DATA VO 
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implemented in any one or a blend of all 
methods. For instance, a shift register might 
best be described schematically but a 
decoder by logic equations. These may be 
united with a multiplexor described by a text 
netlist as well. Ultimately, each form of input 
will be transformed to a function netlist and 
passed either to the simulation section or to 
the compiler section. Waveform entry is for 
simulation stimuli. 


The simulator portion of SNAP is a 5-State 
gate array simulator with full timing 
information, setup and hold time checking, 


toggle and fault grade analysis and the ability — 


to display in a wide range of formats, any set 
of nodes within the design. This permits a 
designer to zoom in with a synthetic logic 
State analyzer and view the behavior of any 
point in the design. Simulations can occur 
with unit delays, estimations or exact delays. 
The sequence of operations depicted in 
Figure 2—1 is entirely arbitrary, as many other 
paths exist. 


It should be noted that the output of the 
“merger” block represents the composite 


BOOLEAN 


SIMFLT 
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design, but as yet is not associated to a PML 
device. This occurs in the compiler portion 
wherein association to the device occurs and 
a fusemap is compiled. This is analogous to 
placement and routing in a gate array 
environment. Because of the inter- 
connectibility of PML, this is not difficult. 
Once compiled, the exact assignment of pins, 
gates and flip-flops is known, so timing 
parameters may be associated and a new 
simulation model generated with exact 
detailed timing embedded. The design may 
be simulated very accurately at this point, 
and if correct, a part should be programmed. 


To facilitate future migration to workstations, 
SNAP has been written largely in C. The 
internal design representation is EDIF 
(Electronic Design Interchange Format) 
compatible which permits straightforward 
porting to many commercially viable 
environments. SNAP currently utilizes OrCAD 
for schematic entry with eminent availability 
of FutureNet™ DASH. 


STATES 
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CONSIDERATIONS 
One of the dominant attributes of PML 


architecture is its complete interconnectibility. 


Any function — NAND, flip-flop, input and 
output structures, can be connected to any 
other. PML devices do not exhibit the 
restricted interconnect bottleneck like other 
programmable gate arrays. If there is 
capacity within the part for a function, it can 


be connected without the sad surprise ending 


of “nonroutability”. Estimation for design fit is 
simply a matter of tallying function usage 
against a fixed set of resources using a table 
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lookup. An elementary table of typical useful 
functions is provided in Table 3~1. Clearly 
Table 3-1 shows only a few of the typical 
functions achievable and their relative 
“expense” from the total function budget. As 
with gate arrays, the designer needs only to 
implement the portion of his chosen function 
that is to be actually used. 


Fortunately, if the designer is using SNAP, all 
unused functions will be automatically 
eliminated. This is done by netlist analysis 
where SNAP observes an output within your 
circuit which is unconnected. It eliminates the 
unconnected gate and reanalyzes to see if 


Table 3-1. PLHS502 Gate Equivalent Table 


INTERNAL NAND 
FUNCTION EQUVALENT COMMENTS 


Gates 


Macro Flip-Flops 
D-Type Flip-Flop 
SR-Type Flip-Flop 
Gate Implemented Flip-Flops 
D-Type Flip-Flop 
T-Type Flip-Flop 
J-K-Type Flip-Flop 
Transparent-D Latch 
S-R Latch 


Decoders 


there are more unconnected gates in the 
design. The procedure iterates until there are 
no more unconnected gates. When 
estimating whether a function will fit or not, 
the values in Table 3~1, if used without 
modification, should result in a high gate 
count. So, to more accurately assess fit, they 
should be derated to account for automatic 
netlist trimming. As weil, the estimator should 
consider logic functions which can be 
obtained for “free” from input buffers and 
output functions. Guidelines, provided in 
Section 5, will illustrate this process. 


For 1 to 32-pin input variables 

Additional internal inputs can be used as needed 
Additional internal inputs can be used as needed 
Additional internal inputs can be used as needed 


Total budget = 8 
Total budget = 8 


With asynchronous S-R 
With asynchronous S-R 
With asynchronous S-R 
With asynchronous S-R 
With asynchronous S-R 


Inverted inputs available 
Inverted inputs available 


Inverted inputs available (24 chip outputs only) 


Encoders 


Inverted inputs, 2 logic levels 
Inverted inputs, 2 logic levels 
Inverted inputs, 2 logic levels 


Multiplexers 


4-to-1 
8-to-1 
16-to-1 
27-t0-1 


(inverted inputs available 

Inverted inputs available 

Inverted inputs available 

Can address only 27 external inputs - more if intemal only. 
This disallows clock inputs to flip-flop. 


PLHS502 Rough Resource Budget = 64 NANDs, 8 D, 8 SR, 24 inputs, 16 outputs, 8 bidirectionals. 
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STATE MACHINE DESIGN 
Synchronous state machines can be 
classified in roughly three practical categories 
— sequence generators, sequence detectors 
and controllers. These can also be 
subcategorized as Mealy, Moore, finite state, 
linear, etc. A very large application market is 
covered, by considering the basic design of 
counters and shifters because a counter (with 
possible decoding) can be viewed as a 
generalized sequence generator and a shifter 
(with decoding) can be viewed as a sequence 
detector. A couple of small examples should 
ilustrate the basic principles of flip-flop 
selection, picking optimal solutions and 
trading off hard macro and soft macro 
functions. First, a few small counters will be 
discussed in detail from a logic viewpoint. 


00 01 11 10 
eoifooo] map 0 
o [oe] ooo) if 
1 [eal ema ef vr 
fesefosef apn 


A 
TRANSITIONS 
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Then, small shifters will be shown. These 
basic designs are extendible so that a 
designer can recognize the pattems to make 
the counters and shifters bigger if necessary. 
In the next section, some general guidelines 
for getting “smaller, tighter” designs will be 
given. 


Counter Design Notes 

A straightforward 3-bit up/down counter 
transition table is depicted in Figure 4—1(a). 
The state variables are designated A, B, C 
and the direction control is U. Up counting 
occurs when U = 1 and down counting occurs 
when U =0. Figure 4—1(b) shows four 
variable maps with the next state transitions 
at the current state and input intersections. 
These transitions will be useful in reference 


30 
o 


+a 40000] > 
~4aoo-~a00/] 0 
=o-0-0-0/0 
aa CD00 
“~OO440O-4 
oO4~o-0-0- 
OoOwaw ea 4H OO0 >c 
On4~cdoO8490 
O-020-0- 


COUNTER STATE TABLE 
(a) 


jes fise | ae] oo 
feof [oi foe 
: B 
TRANSITIONS 
(b) 
Figure 4-1, 3~Bit U/D Counter Definition 
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to Figures 4—2, 4-3 and 4—4 where the 
design is cast onto D, S-R and J-K flip-flop 
solutions. | 


We will not initially be interested in the full 
design details but rather, only on the number 
of product terms and sum terms for each 
solution. Figure 4-2(b) shows the K-map 
loops for a D flip-flop solution. Figure 4~2(a) 
shows the required transitions used to 
generate the three maps in Figure 4—2(b). 
There are 9 loops for the A and B variables — 
requiring 9 product terms and 2 sum terms 
for driving the A and B flip-flops. The C 
flip-flop requires no additional logic. Note the 
“SUM” terms are free on PLHS502 D 
flip-flops because of the embedded NANDs. 


_ TRANSITIONS 
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DA takes 5 P-Terms 
DB takes 4 P-Terms 
DC takes 0 P-Terms 


3 Variables, 8 States and9 P-Terms and 2 S Terms 
(b) 





Figure 4-2. K-Map Loops Using D-FFs 
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Product Terms 
Sum Terms 


(b) 





Figure 4~3. K-Map Loops Using S-R-FFs 
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Figure 4-3 shows the same design 
implemented with S-R flip-flops. Figure 4~3 
(a) shows the required S-R transitions and 
Figure 4—3(b) maps them onto the 
corresponding state variable maps. Tallying 
the loops, we find a total of 8 product terms 
and 4 sum terms. Again, the sum terms are 
free. 


Figure 4-4 shows the design again on J-K 


flip-flops. Figure 4—4(a) shows the transitions 
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0-0 o-1 1-0 
J: 0 1 xX 
K: X xX 1 


(a) 


Product Terms 
Sum Terms 


(b) 


Figure 4-4. K~Map Loops Using J-K-FFs 


and Figure 4—4(b) the K-map loops. Again 
tallying yields 4 product terms and 4 sum 
terms. The C variable is realized by J = K = 1 
using no product terms, or sum terms. 


From standard logic design we know that D 
flip-flops will increase product terms (no Don't 
Care transitions), S-R flip-flops are less 


821 — 


Vol. 1 





dramatic and J-Ks increase product terms the 
least (i.e., maximum Don't Cares). 


However, the PLHS502 has no J-K flip-fiops. 
For simple toggling, the D flip-flop requires no 
additional circuitry and is the smallest 
(usually fastest) implementation. So, Ds 
should always be assigned for the least 
significant bit. 


Philips Components—Signetics Programmable Logic Devices 





—=—=-=-3OO00 q 
—=-900-4-00 Rn 
=O-0-0-0/] 0 
onu-=0O0-0 


Ifrequired, J-K flip-flops can be constructed 
from D flip-flops by utilizing the structure 
shown in Figure 4-5, as a substitution. The 
sum term is taken from the NAND physically 
connected to the D flip-flop and the K input 
may be derivable from either an input inverter 
ora Q from a flip-flop. There will be a penalty 
for using this structure from a speed point, 
but it may save gates if used judiciously. 


This example assumes the designer is 
implementing the counter with the internal 
hard macro flip-flops. If the design is being 
generated from the NAND array only, it 
should be noted that the payoff will be 
interestingly different. The D flip-flop requires 
6 NANDs and the J-K flip-flop will require 10 
NANDs. In this version, the sum terms cost 
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Figure 4-5. J-K Flip-Flop Derived from a D 


an additional NAND gate each. So, the 3-bit 
up/down counter will require: 


Flip-flops: . 3x6= 18 
Sumterms ~~: 2 
Prod. terms £ 9 . 

Total = 29 gates 


The same design built from J-Ks configured 
from NANDs will require: 


Flip-flops : 3x10= 30 

Sum terms ; 3 

Prod. terms ; 4 
Total = 37 gates 
822 





The all D version looks pretty good at this 
point from a total gate count view. Let's take 
a closer look at the D flip-flop solution: 


Figure 4-6 shows the D flip-flop solution with 
all prime implicants looped and the 
corresponding transition equations are below. 
This is implemented in Figure 4-7 using 
conventional D flip-flops in the PLHS502. An 
altemate solution would be to substitute the 6 
NAND D flip-flop for each D-box in Figure 
4-7, but a better (only 25 gates!) solution can 
be achieved by merging the logic gates on 
the input of the flip-flops right into the NAND 
flip-flop structure as shown in Figure 4-8. 
This technique was described in PLHS501 
Applications Notes Volume 2. 
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ABCU + ABCU + ABT + ABU + ACU 
Boot BCU + BCU.+ BCU 


Figure 4~6. D Flip-Flop Equations for 3-Bit Counter 


A 
B 
c 
A 
B 
U 
A 
Cc 
U 


TOTAL COST 





Figure 4-7. 3-Bit Solution using PLHS502 D Filp-Flops 
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A couple of final notes on counter design. Down counters can be treated similarly. Fairly logic equations follow the format described in 

The basic structure for a simple up counteris | general sequence generators can be Figure 4-9. All resets are shared as well as 

shown in Figure 4-9. This one uses a D flip- configured from counters by simply adding a all clocks. This design would require eight 

flop least significant bit and a generic format combinational decoder, as needed. One final = hard macro S-R flip-flops, one hard macro D 

for high order bits, as shown. Note thatonly 2 counter example is shown in Figure 4-10 flip-flop and one additional S-R flip-flop which 

product terms per bit are needed. wherein a 10-bit counter is defined using the SNAP would automatically configure from a 
SNAP Boolean equation format. Note thatthe hard macro D flip-flop. 


ALL LOWER 
Q OUTPUTS 


ALL LOWER 
Q OUTPUTS 


Q OUTPUTS 
LOWER THAN { Di ERMEDIATE 


THIS CELL 


Q OUTPUTS 
LOWER THAN 
THIS CELL 


LEAST 
SIGNIRCANT 


NOTE: Asynchronous reset Is not shown. 


Figure 4-9. Up Counter Structure 
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@PINLIST 
CLOCK I; RESET I; 


re. >) 


LOGIC : EQUATIONS 

/A; 

/BY*A; 

B*A; 

/C*A*B; 

C*A*B; 

/D*A*B*C; 

D*A*B*C; 
/E*A*B*C*D; 
E*A*B*C*D; 
/F*A*BYCKD*E; 
F*A*B*C*D*E; 
/G*A*B*C*D*E*F; 
G*A*B*C*D*E*F; 
/H*A*B*C*D*E*E*G; 
H*A*B*C*D*E*F*G; 
/I*A*B*C*D*E*P *G*H;> 
I*A*B*C*D*E*E*G*H; 
/L*A*B*C*D*E*E*G*H*T? 
L*A*B*C*D*E*F*G*H*TI; 
/RESET; 

/RESET; 

/RESET; 

/RESET; 

/RESET; 

/RESET; 

/RESET; 

/RESET; 

/RESET; 

/RESET; 

CLOCK; 

CLOCK; 

CLOCK; 

CLOCK; 

CLOCK; 

CLOCK; 

CLOCK; 

CLOCK; 

CLOCK; 

CLOCK; 


ton oa 


uN 


iit 


oH 


. 2 


tot oa fi 


uot oil 


oe ONG he eo ee ee ee 


-D 
s 
R 
Ss 
R 
Ss 
R 
Ss 
eR 
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s 
R 
Ss 
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Figure 4-10. 10-Bit Up Counter — SNAP Style 
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Shifter Design Notes 

Efficient shifter design is critical to achieve 
the fastest, most economical PLHS502 
sequence recognizers. For ideal shifters, no 
additional gates should be required if the 
designer correctly exploits the hard macro 
flip-flops for the part. Normally, one views a 
shifter as an input to D, Q to D, Q to D, etc., 
like circus elephants walking nose to tail. But, 
the PLHS502 D flip-flop has an embedded 
NAND gate which, for this type of design, 
appears to “get in the way”. By recognizing 
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the availability of the T output, if itis used 
instead, the design procedure remains “nose 
to tail" substituting © for Q into the NAND 
(using only one input). Should a fancier - 
shifter be required (see the Synchronous 
Receiver/Transmitter design at the end), the 
designer may choose to even implement soft 
macro “merged” shifter flip-flops. 


The maximum internal “all shifter” capacity of 
the PLHS502 is 26 bits, assuming 
conventional structure flip-flops. If one were 


Figure 4-11. 3-Bit Shift Register State Diagram 
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to design a schematic with 26 D flip-flop cells 
in cascade, SNAP would configure the first 8 
from the hard macro Ds, the next 8 from the 
hard macro S-Rs and the last 10 from the 
NAND array. 


An example illustrating a nonschematic 
captured 3-bit shifter follows. Figure 4-11 
illustrates its’ state diagram, Figure 4-12 
shows the state equation solution and Figure 
4-13 shows the very compact Boolean 
equation solution. 
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@PINLIST : 
CLOCKI; QA 0; 
RESETI; QB 0; 
DATA Iz Qc 0; 
@INPUT VECTORS 

Il = DATA; ; 
IO. =  /DATA; a a 
Pee eae @LOGIC EQUATIONS 
ee ce eel? QA.D =DATA; 
001 B; QB .D = QA; 
010 2B; ec.D QB; 
O11 Bs QA.RST RESET; 
too oa OB.RST = RESET; 
Oe Be QC.RST = RESET; 
110 B; QA.CLK = CLOCK; 
411 B QB/CLK = CLOCK; 


@TRANSITIONS oc .CLK CLOCK; 


WHILE [ ] 
IF RESET THEN [SO] Figure 4-13. 3-Bit Shifter — 


WHILE [SO} Boolean Solution 
IF Il THEN [S4} 
IF I0 THEN [SO] 
WHILE [sl] 

IF Il THEN [S5) 
IF I0 THEN [SO] 
WHILE [S2]} 

IF Il THEN [(S5} 
IF 10 THEN [S12] 
WHILE [S3] 

IF Il THEN [S5] 
IF I0 THEN [S1] 
WHILE [(S4] 

IF Il THEN [S6] 
IF I0 THEN [S2] 
WHILE [S5] 

IF Il THEN [S6} 
IF 10 THEN [S2] 
WHILE [S6] 

IF Il THEN [S7] 
IF I0 THEN [S3] 
WHILE [S7] 

IF Il THEN [S7] 
IF I0 THEN [S3] 


@PINLIST 
CLOCKI; 
DATA Ie 
RESETI; 
QA 0; 


tooutuw et il 


Figure 4-12, 3-Bit Shifter — 
State Equations 
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ADDITIONAL DESIGN 
GUIDELINES 


The following guideline summary is by 

no means complete. Rather, it is a list 

of straightforward substitutions which the 
designer can make to help guarantee that the 
design fits. The basic approach is to build the 
design using the basic building blocks of the 
architecture. For the PLHS502 this means 
using NAND gates, D flip-flops and S-R 
flip-flops. To make this clear, we will 
enumerate and illustrate good basic design 
substitutions. 


1. Use NAND gates whenever possible. 


2. Use S-R flip-flops for counters over 4 bits 
long. 
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3. Use D flip-flops (if possible) for the least 
significant counter bit. 


4. If possible eliminate NOR functions by 
converting to AND with complemented 
input (use on flip-flops and available 
input complements). 


5. AND gates which feed NAND gates can 
be replaced by wider NAND gates (exploit 
NAND width). 


6. Eliminate all extra inversions by exploiting 
input complements and flip-flop /Q 
outputs. 


7. If you exceed your flip-flop budget of hard 
flip-flops, put the most complex flip-flop 
configurations into soft macros (see 
Section 6). Fold the gating function into 
the flip-flop. 
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8. Careful output pin assignment can result 
in a free logic function as the signal 
leaves the device. So, assign 
complemented, buffered outputs. 
accordingly. Exclusive-OR/parity 
controlled outputs are slower, so assign 
them accordingly. 


9. Build toggle chains out of D flip-flops, 
then S-R flip-flops, to conserve NAND 
gates. 


10. The NAND-feeding D-FF structure may 
be thought of as an AND-feeding D-FF 
with Q and @ reversed. 


11. For very large counters, converting D-FFs 
to J-K FFs may be appropriate. If 
necessary, then do so. 


12. Efficient methods for implementing 
Exclusive-OR functions are described in 
PLHS501 Applications Notes Volume 2. 
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(a) (b) 
>- — oD D> + Dp 


GET FROM PIN INPUTS GET gh 
OR FF-Us : 


. (c) 
Te — ED 
ee ——— 
PIN INPUTS OUTPUT PIN OR 
OR Us NEXT NAND 


Figure 5-1. PLHS502 Guidelines 
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ADDITIONAL PLHS502 
APPLICATIONS 


These examples illustrate various 
applications the PLHSS502 is capable of, 
which are quite interesting. 


Byte Data Pipe 

A common system building block is the byte 
data pipe illustrated in Figure 6-1. This 
elementary structure illustrates a parallel 
cascade of octal registers where each tier is 
independently clocked. Data arrives at the 
input pins and is clocked in by clock A. After 


settling, this is clocked into the second tier by 
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Application Notes 
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clock B, the third tier by clock C and the 
output tier by clock D. The two center 
registers are generated from NAND gate 
transparent latches comprised of three gates. 
This classic three-gate latch has a static 
hazard in the ones, but careful timing and 
masking the input and output logical image to 
the outside world, with edge triggered 
registers, essentially eliminates this evidence. 
This consumes 48 of the 64 gates budget in 
the PLHS502. The remaining gates may now 
be used as needed to configure this data path 
for a more specific applications such as: 
a. Adistributed decoder as in a RISC 
pipeline. Each remaining gates can detect 


EDGE-TRIGGERED 
S-R FLIP-FLOPS 
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; 
: 
l 
A 


TRANSPARENT LATCHES 


Figure 6-1. A Byte Data Pipe 
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32-bit intemal state combinations 
(expanded to 40 bits if simultaneous 
examination of the input pins is desired). 


S 


A 4-byte queue for interprocessor and 
processor to bus communications and 
synchronization. 


c. AZ, 4-, or 5-byte sequence detector for 
byte oriented protocols. 


Clearly, one of the internal register tiers could 
be freed up or the arrangement altered to have 
a three position data pipe and a group of S-R 
registers to implement a bus handshaker or 
internal counters for a queue pointer, etc. 


EDGE-TRIGGERED 
D FLIP-FLOPS 
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Custom CAMS 

Another common block used in memory and 
\/O systems today is the content addressable 
memory (CAM), illustrated in Figure 6-2. 
These are used for associative searching and 
often implement the TAG structure or VALID 
bit structure for the translation lookaside 


buffer in a cache system. CAMs more closely 


resemble a small register array where each 
cell has an independent data compare 
operation with a global polling mechanism. 
This example illustrates the PLHS502's ability 
to realize a small, relatively fast 4X4 CAM. In 
this example, the 16 register cells are made 
with the D flip-flop and the S-R flip-flops 
configured as Ds. Each flip-flop output is 
compared to a corresponding data input with 
a coincidence function which is generated 
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from three NANDs. Groups of four 
comparators are then ANDed together to 
generate the HIT signals indicating the 
presence of a 4-bit item. If speed and gate 
economy are required, the composite 
compare function can be generated, 
exploiting wide gates rather than deep 
cascades. 


The CAM operation is simple. The CAM must 
first be loaded, with four bits in each tier. 
Loading was chosen to be 4-bit parallel with 
independent clocking. This allows “one 
transaction” replacement and is the most 
flexible approach for implementing arbitrary 
updating policies. Once it is loaded, the 4-bit 
data is applied on the same lines (this could 
easily be changed to four different lines). 


DATA 2 
Figure 6~2. 4X4 CAM 
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When a value is applied, a “HIT” is generated 
if the current value matches one of the stored 
4-bit items. How the “HIT” is used by the 
outside system is system dependent. If a 
value is applied and there is no “HIT,” there is 
no response. Again, there are a number of 
remaining internal NAND gates as well as 
most of the gates tied to the I/O pins to 
perform additional tasks and adapt the 
behavior of this building block. 


This is a very efficient structure to implement 
a direct mapped cache, where four 
1-megaword regions could create the logical 
image of a 16-megaword region. The time 
from valid address to valid “HIT” is about 20 
nanoseconds — max: | 
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System Scoreboard 

High digital system throughput may be 
achieved by allowing high-speed processors 
to run independently at their own rate. Hence, 
operation speed is only limited when data or 
function dependencies occur. This requires a 
special sort of synchronization mechanism to 
allow independent processes to realign when 
necessary. A classic solution to this is the 
Scoreboard concept, illustrated in Figure 6-3. 
In essence, this is an overall system register 
with independent status bits assigned to 
specific functional units and data registers. 
The idea is an old one, but has recently 
resurfaced since modern RISC designers 
have begun resurrecting highly parallel CISC 
architectured artifacts. The concept is valid 


CELL VERSION 1: 


CELL VERSION 2: 


REQUEST 3 


REQUEST 2 
REQUEST 1 


REQUEST 6 


REQUEST 5 
REQUEST 4 


REQUEST 9 


REQUEST 8 


REQUEST7 
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for a computer system where resources are 
all viewed as independent processors. 


Basically, one bit in the Scoreboard is 
assigned to each distinct functional unit or 
independent data register. When a request 
{from anywhere) arrives for that unit, it is 
assigned unless the unit is busy. This locks 
out future assignment until that resource is 
released. For an elementary Scoreboard, the 
basic requirement is independent registers 
calls (i.e., must be able to request, assign 
and release each one, essentially 
asynchronously). Figure 6-5 shows an 
implementation of a 9-element Scoreboard. 
This requires 27 inputs and 9 outputs (using 


cell version 1) and leaves 5 bi-directional 
lines, 7 outputs and most of the foldback 
NANDs. A global reset may be added by 
logically ORing each release signal witha 
global reset through the NAND function tied 
to each flip-flop. This design uses the 8 D 
flip-flops and one S-R flip-flop per status 
sentinel. This leaves 7 flip-flops to implement 
additional functions as well. 


Input pins can be freed up if an external clock 
is assigned to all of the allocate signals and 
each request is gated with the flip-flops 
current status (cell version 2). The rendition 
using call version 2 still permits independent 
release of each cell. 


REQUEST N N ASSIGNED 
ALLOCATE N i> 
i (| RELEASE N 
GLOBAL CLEAR 


REQUEST N a . i 
SYSTEM CLOCK > 


foes | 


Figure 6-3. System Scoreboard 
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N ASSIGNED 


RELEASE N 
GLOBAL CLEAR 


1 ASSIGNED 


2 ASSIGNED 


3 ASSIGNED 


4 ASSIGNED 


5 ASSIGNED 


6 ASSIGNED 


7 ASSIGNED 


8 ASSIGNED 


9 ASSIGNED 
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Synchronous Recelver/ 


Transmitter 

This system building block is an elementary 
synchronous receiver and transmitter. This 
example will illustrate multiple independent 
state machine designs as well as some 
standard design techniques to utilize every 
available function component out of the 
PLHS502. Figure 6-4 shows the elementary 
structure of the synchronous serial 
communication device. Basically, it is two 
independent machines where each half is 
comprised of a counter and shifter. Figure 
6-5 depicts the high-level schematic of 
Figure 6—4. The transmitter must load a byte 
in parallel and ship the contents out serially. 
The receiver must receive serial data and 
indicate the presence of a correctly framed 
byte. From partitioning considerations, the 
counters will be be generated from the 
internal S-R flip-flops. The shifters can be 
made from the internal D flip-flops but the 
requirement is for at least 16 D flip-flops — 
which means at least 8 must be constructed 
from NANDs. Intuitively, it would be best to 
exploit the free NAND on the hard macro D 
flip-flops to construct a simple MUX for each 
D-cell as shown in Figure 6-6a. This would 
use 16 NANDs. Then, the receive register 
could be constructed from an octal cascade 
of flip-flops constructed from six NANDs each 
(Figure 6~-6b). This would use 48 NAND 
gates and expend the rest of foldback array. 


This would create a problem to complete the 
design of the byte counters because they 
each require four gates to construct the drive 
terms for the S-R flip-flops. An old gate array 
trick is very appropriate here. Figure 6—-6c 
shows a 2-input multiplexor driving a 6-gate 
D flip-flop. By logical merging and exploiting - 
the width and nesting depth of PML, one can 
get the entire function realized by the final 
call version of Figure 6—6d, which takes only 
seven gates to do the entire cell. Hence, 
making the transmitter from 56 NANDs (8 
copies of the 7-gate call) gives 8 left over 
foldback NANDs for the generation of two 
3-bit counters. It should be noted that this is a 
faster solution because the D signal passes 
through as many gates as without the 
multiplexor. Two levels of time delay are 
achieved instantaneously, as shown in Figure 
6-6, T1 = T3 which is less than T2. The 
recaive register is simply constructed from 
the hard macro D flip-flops in direct cascade. 
This leaves many remaining input and output 
pins which can be used elsewhere (i.¢., fast 
1/0 decode and such) for other system 
needs. One obvious addition would be to 
implement decode of specific characters from 
the receive buffer using the many remaining 
output pins. 


Figure 6-7 shows the schematic of one of the 
3-bit counter modules which permit byte 

framing in the receiver and transmitter. Figure 
6-8 through 6~10 detail the exact schematics 


PARALLEL DATA OUT 


ft roar a 4 


PARALLEL DATA IN 


LOAD/SHIFT 


used to complete the receiver/transmitter 
("“RECTRAN") design. 


Figure 6—11 shows the SNAP simulation of 
the 7-gate composite cell alternately loading 
and shifting. In Figure 6-11, the text shown at 
the top is the Simulation Control File which 
constitutes the stimuli vectors for the 
simulation. The waveform below depicts the 
stimuli and corresponding response vectors. 
Incidentally, the two remaining S-R flip-flops 
can be used for anything, but one can signal 
a data available condition to the outside world 
for the receiver and the other can indicate 
Busy or Done for the transmitter to reflect 
some status to the outside world. 


A complete series of simulation is presented 
in Figures 6-12 through 6~15. The simulation 
control file depicted in Figure 6-16 performs 
the operations whose result waveforms are 
shown in Figures 6-13 through 6-15. Figure 
6-17 shows the SNAP macro netlist which 
binds the smaller pieces of the overall design 
together. Figure 6-18 provides the netlist 
which constitutes the receiver piece of ; 
RECTRAN while Figure 6-19 gives the same 
for the transmitter. Expanding the hierarchy, 
Figure 6~20 displays the exact netlist for the 
“flopcell" and Figure 6-21 shows how the 
netlist for one of the three bit counters 
appears. The entire RECTRAN design was 
captured schematically using OrCAD/SDT. 


SERIAL DATA IN 


RECEIVE CLOCK 


TRANSMIT CLOCK 


SERIAL DATA OUT 


Figure 6-4. Synchronous Recelver/Transmitter — RECTRAN 
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COUNTER3 


Figure 6-5. High Level RECTRAN Schematic 
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a — MULTIPLEXED D 


¢ — ALL GATE MULTIPLEXED D+F 
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b — A6 NAND GATE D-FF 


d — MULTIPLEXED D-FF WITH 
AND/OR MERGED INTO FF DESIGN 





Figure 6-6. Custom Flip-Flop Metamorphosis 
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' Figure 6-7. 3-Bit Counter Schematic 





Figure 6-8. Final Merged D Flip-Flop Schematic 
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Figure 6-10. Receiver Schematic 
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Simulation Control Pile for Flopcell 

Strategy 1. Reset issued initially 
2. Define a repetitive clock @ 10MHz 
3. Load a logical one 
4. Switch mode to shift, and shift in a logical zero 
5. Load a logical zero 
6. Switch mode to shift, and shift in a logical one 
7. %Issue another reset 


* + + 4 4H HH 


1(20, 40,450, 470) reset 

0(50,100,etc.) clock 

0(45, 70,245,270) lod shf 

0(45,90)datin 

0(345,370)q prev 

reset, clock, lod_shift,datin,q prev,q 
U Time=500 
F 


Ne ar colada De asthe Sse eee oe A lecock osha sles 


HES SRE meray ene he Renae ns (ees 
> €¢ 8 § € 8 & & 


al Nn 


Figure 6-11. SNAP Simulation of the Merged Flip-Flop 
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MARKER = One SEC/DIV= 100ne 


1100 
Fi: HELP, Fo: MENU, F10: EXIT 


MARKER = Ons SEC/DIV=100ne 


Figure 6-12. RECTRAN.SCL Waveforms 
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MARKER = Ons i SEC/MV=100ne - | 


1100 
Fi: HELP, F9; MENU, F10: EXIT 


DELAY=Ons MARKER = Ons SEC/DIV=100ns 


Figure 6-13. Partial RECTRAN.RES File 
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MARKER = Ons SEC/DIV=100ns 


Feroecreecreéerereé, 


1100 
F1: HELP, F9: MENU, F10: EXIT 


MARKER = Ons SEC/DIV=100ns 


Figure 6-14. Additional RECTRAN.RES File 
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MARKER = Ons SEC/DIV=100ns 


1100 
Fi: HELP, F9: MENU, F10: EXIT 


Figure 6-15. Final RECTRAN.RES File 


1(20, 40,1000) RESETR 

0(50,100,ETC)CLKR 

0(100, 150, 300,350,500,550, 700,750) SDIN 
1(20,40,1000) resetT 

0(50,100,etc)clkT 

0 (45, 70,1025, 1050) lodshf 

0 (1000) pdinl, pdin2, pdin5, pdin6é 

1(100) pdin3, pdin4, pdin7, pdin8 

0 (20) CLR 

* § 1(2000) Vcc 

p resetT,clKT, lodshf, pdinl, pdin2, pdin3, pdin4, pfin5, pdin6é 
# ,pdin7, pdin8, qprev, sdout, SDIN, RESETR, CLKR, PDOUTI, 
# PDOUT2,PDOUT3,PDOUT4, PDOUTS, PDOUT6, PDOUT7, PDOUTS, 
# Q1,02,03,04,05,06 

PCO 

sutime=2000 

f 


Onunnnununnnun 


Figure 616. RECTRAN.SCL Text 
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FOR TOK II IKK IO IOI IORI IIR III OR III I IO EK 


* Output of Netgene Version 1.0 * 
* Date: 5/ 3/1989 Time: 18:36:25 * 
Pee CeSESSS SLES ESE SE SLE ASE SSE SEES ES RASS EEE SS SES SESS SESS LES ES SG 
* Input File Name : RECTRAN.EDF * 
* Netlist File : RECTRAN.MAC 7 


HH K IR IKI IK IK IKK KKK KK KKK KIKI KKK KKK IK KK IK KK IKK KKK EK K KKK 


* 
MACRO 


RECTRAN_SCH I(CLKR,CLKT,CLR, LODSHF, PDIN1, PDIN2, PDIN3, PDIN4, 
PDINS, PDING6, PDIN7, PDIN8, QPREV, RESETR, RESETT, SDIN) O(PDOUTI, 
PDOUT2, PDOUT3, PDOUT4, PDOUTS, PDOUT6, PDOUT7, PDOUT8,Q1, 02, 
Q3,24,05, 06, SDOUT) 


* te we vw NF 


CELL_REC_0 0 REC I(CLKR,RESETR,SDIN) O(PDOUT1, PDOUT2, PDOUT3, 
# PDOUT4, PDOUTS, PDOUT6, PDOUT7, PDOUT8) 

BLKO1 TRANS I(CLKT, LODSHF,PDIN1,PDIN2,PDIN3, PDIN4,PDINS, 

# PDIN6,PDIN7,PDIN8, QPREV,RESETT) O(SDOUT) 

BLKO2 COUNTER3 I(CLKR,CLR) 0(Q1,02,Q3) 

BLKO3 COUTNER3 I(CLKT,CLR) 0(04,05,Q6) 


Figure 6-17. High-Level RECTRAN Macro File 


KIRK IIT KK IR RR KKK KKK KK KKK IKKE KEK 


x Output of Netgene Version 1.0 7 
* Date: 5/ 2/1989 Time: 13:35:45 * 
HK RK KK KK IKK KK KK KK IK II KK IKK KK KIRK KKK KKK KK KKK 
* Input File Name : REC .EDP * 
* Netlist File : REC .MAC * 


FOI III III IOI II IO III II III IG 

x 

MACRO 

* 

Z REC_SCH I(CLOCKR, RESETR, SDOUTR) O(PDOUT1, PDOUT2, PDOUT3, 

# PDOUT4, PDOUTS, PDOUT6, PDOUT7, PDOUT8) 

* 

Ul DFFR I(SDOUTR,CLOCKR,RESETR) O(PDOUTI,DMO1) 

U2 DFFR I(PDOUT1,CLOCKR,RESETR) O(PDOUT2,DMO2) 

U3 DFFR I(PDOUT2,CLOCKR,RESETR) O(PDOUT3,DMO3) 

U4 DFFR I(PDOUT3,CLOCKR,RESETR) O(PDOUT4, DMO4) 

US DFFR I(PDOUT7,CLOCKR,RESETR) O(PDOUTS8, DMO5) 

U6 DFFR I(PDOUT6, CLOCKR,RESETR) O(PDOUT7,DMO6) 
DFFR I(PDOUTS, CLOCKR, RESETR) O(PDOUT6, DMO7) 
DFFR I (PDOUT4, CLOCKR,RESETR) O(PDOUTS, DMO8) 


Figure 6-18. Receiver Macro File 
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ORK RIO IR RIOR IORI ORI OI IO IO OK 
* Output of Netgene Version 1.0 * 


* Date: 1/ 5/1989 Time: 13:37:13 * 
FOR TOKIO OR ORO RIO OR OK OR OR TOR TOR TOR I OR OR II kak 


* 


x Input File Name TRANS .EDF 


» Netlist File 


* 


TRANS .MAC 


* 
* 
* 
* 


KKK KKK KKK KKK AK KEK KKK AKA KK KEK KAKKKEKKAKKKKKAEKAK KKK A KK 
* 

MACRO 

* 

Z TRANS SCH I (CLOCK, LODSHF, PDIN1, PDIN2, PDIN3, PDIN4, PDIN5S, 
# PDIN6, PDIN7,PDIN8,QPREV, RESET) 0(SDOUT) 

* 

Ul IN I(LODSHF) 0(SNO1) 

U2 NIN I(LODSHF) 0O(SN09) 


BLKO1 FLOPCELL I (CLOCK, PDINI, SNO1,QPREV, RESET, SN09) O(SNO2, 
# DMO1) 


BLKO2 FLOPCELL I (CLOCK, PDIN2, SNO1, SN02, RESET, SNO9) O(SNO3, 
# DM02) _ 
BLKO3 FLOPCELL I (CLOCK, PDIN3, SNO1, SNO3, RESET, SNO9) O(SN04, 
# DMO3) . So 

BLKO04 FLOPCELL I (CLOCK, PDIN4, SNO1,SN04, RESET, SNO9) O(SNOS, 
# DMO4) 

BLKO5 FLOPCELL I (CLOCK, PDIN8, SNO1,SN08, RESET, SNO09) O(SDOUT, 
# DMOS) 
BLKO06 FLOPCELL I (CLOCK, PDIN7, SN01,SN07, RESET, SN09) O(SN08, 
# DMO6) 

BLKO7 FLOPCELL I (CLOCK, PDIN6, SN01,SN06, RESET, SN09) O(SNO7, 
# DMO07) 

BLKO8 FLOPCELL I (CLOCK, PDIN5, SN01,SN05, RESET, SN09) O(SNO6, 
# DMO8) 


* 


MEND 
* 


Figure 6-19. Transmitter Macro File 
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KKK KK KKK KKK KK KR KK RK KK KKK KKK IT OK KR IO OK KOK 
rf Output of Netgene Version 1.0 * 
x Date: 1/ 5/1989 Time: 13:34:36 * 
KKK KKK KK KK IK KK KK KK KK KK KR KKK TOR TOR RKO ROK KR FORK TB IO 
* * 
x Input File Name : FLOPCELL.EDF x 
yx Netlist File : FLOPCELL.MAC x 
* * 
KKK IK KKK KK KK KR OKO IKK OK KR IOI KK 
* 
MACRO 

* 
2 FLOPCELL SCH I (CLOCK, DATIN, LOAD, QPREV, RESET, SHIFT) O(Q, 
# QN) 
* 
Ul NA3 I(SN05,SN01,SN03) O(SNO02) 
U2 NA3 I(SN02,RESET,CLOCK) O(SN03) 
U3 NA4 I(SN03, CLOCK, SN05,SN01) O(SN0Q4) 
U4 NA4 I(RESET,SN04,LOAD,DATIN) O(SNO05) 
U5 NA4 I (RESET, SNO4, SHIFT, QPREV) O(SNOQ1) 

NA2 I(SN03,QN) 0O(Q) 

NA3 1(Q,RESET, SN04) O(QN) 


Figure 6-20. Flopcell Macro File 
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FIR OOROR OR ORROOOI OR OOO  O O d Ok 
* Output of Netgene Version 1.0 * 
* Date: 1/ 5/1989 Time: 13:42:14 * 
eee e ee cece eee Se Se SSeS SSS ee SS ee ee ee ee ee 
* * 
x Input File Name : COUNTER3 . EDF * 
» Netlist File : COUNTER3 .MAC x 


* * 
KREKKKKKK KK KKK KKK KKK KK KKK KK KKK KKK KKKKKKKKKKKEKKKEK 


* 
MACRO 
_* 
Z COUNTER3_SCH I(CLOCK,CLR) 0(Q1,Q2,Q3) 
* 
Ul NA3 1(SN03,Q2,Q3) O(SNO1) 
U2 NA3 1(Q1,Q2,Q3) O(SN04) 
U3 NA2 I(SN09,Q3) O(SN06) 
U4 NA2 1(Q2,Q3) O(SN10) 
U5 INV I(SNO1) O(SNO2) 
U6 INV I(SNO4) O(SNOS) 
U7 INV I(SNO6) O(SNO7) 
U8 INV I(SN10) O(SNO8) 
U9 INV 1(Q3) O(SN11) 
'U10 INV I(SN12) 0O(SN13) 
U11 SRFF I(SNO2,SNO5,CLOCK,CLR) 0(Q1,SN03) 
U12 SRFF I(SN07,SN08,CLOCK,CLR) 0(Q2,SNO9) 
U13 SRFF I(SN11,SN13,CLOCK,CLR) 0(Q3,SN12) 
* 


MEND 
* 


Figure 6-21. 3~Bit Counter Macro File 
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ADVANCED FLIP-FLOP MERGING 
Folding logic functions directly into the 
workings of a flip-flop has a unique pay-off 
with PML. (As illustrated in Sections 4 and 
6). Since the basic approach may be 
extended to other flip-flop structures, this 
technique may be used more “generally”. 
The figures provided in this section illustrate 
examples of simple and complicated 
structures. 


Consider the D-latch in Figure 7-1: 


Figure 7-1. D-Latch 
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If the data input point is driven from a 
two-level logic function as shown in Figure 
7-2(a), the gate count is six with one inverter. 
The input signals pass through two logic 
layers before entering the latch, then through 
two more to reach the Q output. 


. From Figure 7—-2(a), note that the data input 


to gate G4 is driven High from the G3 output 
when either G1 or G2 (or both) is driven Low. 
Also, note that when Data is High, and 
Enable is High, the output of G4 will be Low. 
Under these conditions, the outputs of G1 or 
G2 are driven in a direction similar to the 
output of G3 and G4. By eliminating G3 and 
G4 and substituting G1 and G2 where G4 
was, some gate and speed saving is gained 
as shown in Figure 7—2(b). Note that the 
Enable signal has to be reinserted carefully. 
This permits a faster, cheaper, and more 
efficient merged latch. This is the simplest 
structure and the reader is encouraged to 
prove the operation by simulation or con- 
struction. The general approach is a simple 
expansion of these steps. 


ENABLE 


Figure 7~2. D-Latch with Driving Logic 
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1. Isolate the positive asserted flip-flop input. 
. lsolate the two-level AND/OR driving 


function. 


. Eliminate the NAND gate in step 1 but 


preserve inputs and outputs. 


. Eliminate the second-level NAND from 


step 2, but preserve inputs in the step 2 
AND/OR structure. 


. Place the corresponding intermediate 


outputs to replace the eliminated flip-flop 
input gates output. 


. Place any inputs which fed the flip-flop 


input gate onto the new input points from 
step 5 (i.e., the input points of the step 2 
AND/OR structure). 
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Let's illustrate the procedure by applying it to 
amore complicated flip-flop — the dreaded 
J-K! Figure 7-3 depicts a J-K with a two-level 
logic function tied to J and a different function 
tied to K. J gets the sum of three product 
terms and K gets the sum of two. 


Figure 7-3. J-K with Gating 





Because the inputs to gates A, B, C, D, E will 
be maintained, we don't care what they are. 
From the recipe: 


Step 1. Isolate the positive asserted flip- 
flop input. * 
For J this is gate G2. 


For K this is gate G3. 


Isolate the two-level AND/OR 
driving function. 

(see function 1 and 2) 
Eliminate the NAND inputs in step 
1 but preserve inputs and outputs. 
(Figure 7—4(a)) 

Eliminate the second-level NAND 
from step 2. 
(Figure 7—4(a)) 


Step 2. 
Step 3. 


Step 4. 


FUNCTION 1 


ie) 


Lod 


FUNCTION 2 


It is hoped that the reader can, in general, 
avoid the use of the J — K structures built 
from gates as shown due to their inefficiency 
of gate usage. There is also a potential timing 
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Figure 7-4(a). A Merged J-K Flip-Flop 


liability in that the clock path G1 to GA is 
faster than the data input paths and creates a 
possible race. However, this example serves 
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to illustrate that a merging process can be 
applied systematically, with success, to even 
relatively complicated structures. 
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SUMMARY 

Asimple logic analyzer module can be 
implemented with a PML2552, a PLHS601, 
and two SRAM devices, with some resources 
left for other purposes. The module monitors 
the data flow on the data bus and stores the 
data in the SRAMs. Upon detection of a 
predetermined data patter, it captures an 
additional 255 bytes of data before 
generating an Interrupt Request to the 
processor. The processor can read on the 
data bus the SRAM address where the last 
data byte is stored. That address gives the 
processor the starting point to go back and 
retrieve all 4K-bytes of SRAM data both 
before and after the triggering data pattern. 
After acknowledge by the processor, the 
module is cleared to resume operation. This 
design can readily be modified to suit many 
data acquisition applications. 


The design is implemented entirely by 
schematics and compiled with SNAP. it has 
several purposes: 

—- To show a consistent design 
methodology for multiple-PLD designs: 
SNAP easily handles a hierarchical 
bottom-up design. 


To show a multiple-PLD design: A 
complete system is implemented with 
only two higher-density PLDs tied 
together in a straightforward manner. 
The SNAP software then elegantly 
handles all aspect of the design process 
just as it were for a single-PLD design. 


To show where the PML2552 and 
PLHS601 fit into your system: The 
PML2552 in this example incorporates 
two counters, two latched decoders and 
random logic. The PLHS601 implements 
fast, wide-input multiplexers. 


To show a few design hints to take 
advantage of the PML2552 flexible 
architecture, such as input address latch, 
efficient counter implementation, and 
wide-input multi-level logic. 


PML2552 


Application Notes, Vol. 1 
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OPERATION 


"The two 4KX4 SRAM chips store the 8-bit 


data stream present on the data bus, in both 
of the processor's read and write modes. ALE 
is the Address Latch Enable signal asserted 
low by the processor to signal a valid , 
address. /PSEN goes high to indicate an 
access to external memory. Those signals 
are specific to the 8051-type microcontroller 
which is used for this example. They should 
be generated by additional logic for other 
processors or controllers. 


For the 8051-type microcontroller, the lower 
address byte and the data byte are 
multiplexed on the same AO-A7/D0-D7 lines. 
The “Address Latch and Decoder” block 
(ADDLTCHB) separates the lower byte of the 
address from the multiplexed address/data 
bus. The first decoder output is the memory 
decode (/RAMCE, for RAM Chip Enable) for 
the 4K-bytes of static RAM at addresses 
8XXX when the RAMs are in the read mode. 
The second output is ANTREC (for Interrupt 
Received) decoded from a special address — 
4000(H) in this example — that the processor 
writes to, in order to acknowledge receipt of 
an interrupt from this module. Outputs C4001 
and C4002 are used to send the last SRAM 
address to the data bus. More on this later. 


The “Decoder/Sequence Detector” block 
(DECSEQ) monitors the 8-bit data stream on 
the data bus. If the predefined data code (F3 
in this example) is detected, BREAK goes 
high to enable clocking of the 8-bit counter 
which then starts counting up with every 
external memory access. In the mean time, 
data on the data bus is still captured and 
stored in the SRAMs. Clocking of the 8-bit 
counter is provided by CNTCK1 generated 
from every external memory access. As long 
as the 8-bit counter has not reached 255, 
CNT is low, as determined by the "255 
Decode and Latch" (CNT255) block. 


With the CNT line still low, the SRAMs are 
write-only and enabled by every external 

memory access to store the captured data 
from the data bus. The SRAMs addresses 
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are provided by the 12-bit counter outputs 
CTO~CT11 via the 12-bit MUX MUX12. 
Clocking of the 12-bit counter is also from 
CNTCK1 and enabled as long as CNT is low. 


At the count of 255 by the 8-bit counter, the 
“255 Decode and Latch” brings /CNT low to 
stop the 8-bit counter and CNT high to inhibit 
further data storage by the SRAMs. INT (for 
Interrupt) also goes high with CNT to interrupt 
the processor. The SRAMs then become 
read-only and from now on can be accessed 
at addresses 8XXX. The 12-bit counter also 
stops to latch the last SRAM address 
accessed. With CNT high, the 12 address 
inputs of the SRAM are now connected to the 
processor's AO-A11 address lines by 
MUX12. The SRAM chip enable is decoded 
by the “Address Decode and Latch” block 
(ADDLTCHB) so the RAMs can be accessed 
at addresses 8XXX. 


The SRAM address which contains the last 
data byte is the output (12 bits) of the 12-bit 
counter when CNT goes high. The processor 
can read the lower address byte on the data 
bus DO—-D7 at memory address 4001(H) and 
the higher address byte at memory address 
4002(H). The ADDLTCHB block decodes the 
address lines to direct the 8-bit multiplexer 
MUXS8 to send either the lower or the higher 
address byte on the data bus. The processor 
can use the last SRAM address as a starting 
point to retrieve all 4K-bytes of data stored in 
the SRAM before and after the riggering data 
pattern (F3). 


The two multiplexers are implemented in the 
PLHS601. 


The processor acknowledges the interrupt by 
writing a special data byte F4(H) to address 
4000(H). The “Address Latch and Decoder” 
block (ADDLTCHB) decodes the 4000(H) 
address and brings /INTREC (for Interrupt 
Received) low to enable the F4(H) data 
decode. The “Decoder/Sequence Detector” 
decodes the data byte (F4), asserts /INTACK 
low (for Interrupt Acknowledge) to clear all 
the latches and counters (/LCLR low). Normal 
operation can then resume. 


Philips Components—Signetics Programmable Logic Devices 





PML2552 
Application Notes, Vol. 1 


A simple logic analyzer module using 
the PLM2552 and the PLHS601 





DISCUSSION 


Overall schematic 

Figure 1 shows the block diagram of the 
complete design. The several blocks shown 
are implemented either in just two PMLs: a 
PML2552 and a PLHS601. 


The top-level schematic of the complete 


several sub-blocks connected together and 
compiled. Similarly, HS601 is a complete 
SNAP design. Notice that the connections 
between the two PMLs are done in the 
top-level schematic. In case the design was 
entered by other means than a schematic, 
the connections at the top-level can be done 
by editing the overall netlist. Section 12.6 of 


DECSEQ (Figure 4), the address-latch block 
ADDLTCHB (Figure 5), the count-255 
decoder CNT255 (Figure 6), the 8-bit counter 
CNTS8BIT (Figure 7), the twelve-bit counter 
CNT12B (Figure 8), and random logic gates. 
Each sub-block is a separate SNAP design 
up to the NETGEN step where SNAP 
generates the individual .MAC file. SNAP 


Signetics SNAP manual discusses this 
approach in more detail. 


PML2552B 

As mentioned earlier, this block in the 
top-level represents the PML2552. Figure 3 
shows its detailed schematic with the several 
sub-blocks. They are the sequence detector 


then merges those .MAC files into the overall 
PML2552B.MAC file to proceed with the 
compilation. The above discussion shows 
how SNAP elegantly handles a hierarchical 
design, independently of the target PLD or 
PML device. Now let's look at the individual 
sub-blocks. 


module is shown in Figure 2. It depicts the 
two PMLs as sub-blocks of the overall 
design. The block labeled PML2552B 
represents the PML2552 as seen from the 
top level. The block labeled HS601 
represents the PLHS601. PML2552B is 
actually a complete SNAP design with 


LATCHES DATA MUX 


(8 BITS) 


COMPARE 
Loaic 


ADDRESS 


MUX (12 BITS) 
12-BIT 
COUNTER | 


INT 


Figure 1. Block Diagram 
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PML2552B 
[__ALE > 
RESET 


A{o.. 


Voc 
Alp..11] 


C4002 
CT{O..11] 


Figure 2. Top-level Schematic of the Logic Analyzer Module, without the SRAMs 
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DECSEQ (Figure 4) 

The sequence detector is basically a decoder. 
A close look at its schematic reveals two 
important points of interest: I/O buffers and 
wide-input NAND gates. 


In the schematic, one will notice that symbols 
IN and NIN are tied directly to the inputs 
D[0..7]. In the SNAP symbol library, they 
represent the non-inverting and inverting 
input buffers of the actual PML2552 device. 
They are additional circuitries necessary to 
maintain appropriate levels of voltage and 
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y—ADT |p Pa pcp 
Ce 
lo | 1 





Figure 4. The Sequence Detector DECSEQ 


current. If the above symbols were not 
entered in the schematic, SNAP would still 
incorporate them in the FuseMapc operation. 
Since the first-pass logic minimization takes 
place before the device-mapping process, a 
pure schematic diagram without the I/O 
buffers to distinguish between the peripheral 
and internal logic could create erroneous 
results. Itis advisable then, tomakea 
practice of placing I/O buffers right before or 
after the intended I/O pins. Some examples 
of these buffers are: 
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IN direct input 
NIN inverted input 
OUT direct output 
NOUT inverted output 
TOUT 3-State output 


U7 and U16 in the schematic are 9-input 
NAND gates. They are easily implemented in 
Signetics PML devices with a single foldback 
NAND gate. In general, thanks to its 
wide-input NAND gates, a PML device can 
implement virtually any logic function with no 
more than two gate levels, allowing shorter 
propagation delays. 
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Figure 6. The Count-255 Decoder CNT255 


ADDLTCHB (Figure 5) 

This block reveals an extremely useful 
feature of the PML2552 architecture which is 
the (by-passable) input register. In cases 
where address and data are multiplexed on 
the same bus, such as for the 8051-type 
microcontroller, such input registers are 
naturally suitable for the demultiplexing task. 
If one wishes to use the corresponding pins 
as straight inputs, the registers can be 
by-passed. Again, U32 is a wide-input NAND 
gate and input buffer symbols are used to 
denote intended device input pins. 
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CNT255 (Figure 6) 

This block contains a logic gate tied toa 
simple latch implemented with two foldback 
NAND gates. This shows how easily one can 
make up additional storage elements with the 
PML architecture. Thanks to the total 
connectivity of the NAND foldback array, all 
types of flip-flops and latches can be 
constructed from the NAND gates. SNAP 
automatically handles the construction for the 
user with its extensive library of flip-flop 
symbols. 
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RESET. 





Figure 8. The Twelve-bit Counter CNT12B 


October 1990 857 


Philips Components—Signetics Programmable Logic Devices 





A simple logic analyzer module using 
the PLM2552 and the PLHS601 


PML2552 


Application Notes, Vol. 1 





CNTS8BIT (Figure 7) 

This block contains an 8-bit ripple counter 
implemented with 8 intemal JK flip-flops. The 
symbol is pulled from the SNAP library. 


The important note relates here to the 
architecture of the PML2552. The 10 internal 
JK flip-flops with Reset are individually . 
clockable. Since they are all positive 


edge-triggered, each flip-flop clock input must 


be the Q-bar output of the previous stage to 
implement a ripple counter. 


CNT12B (Figure 8) 

This block shows a 12-bit synchronous 
counter implemented with 12 intemal JK 
flip-flops of the PML2552. There are two 


important reasons why the 12-bit counter is 
implemented as shown. 


First, the JK flip-flop with Preset (JKFFS) all 
have a common clock. Also, the total 
connectivity of foldback NAND gates make 
synchronous counters naturally fit into the 
PML2582 architecture. 


Secondly, a close look Figure 8 shows that 
ten of the flip-flops in the counter are JKFFS 
(JK flip-flop with Preset or Set) and two of 
them are JKFFR (JK flip-flops with Clear or 
Reset). One would notice that the last two 
stages of the counter are implemented the 
conventional way. However, the first ten 
flip-flops have J-K, Q-QN reversed and Set 
tied to the common Reset line. To 


. et] 


AfO.. 11) RA[O..11} 
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Figure 9. Schematic of HS601 Block 
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understand, one just have to remember the 
duality between J and K, Q and QB, Set and 
Reset. By swapping between J and K, Q and 
QB, Set and Reset, one can use the JKFFP 
just like a JKFFR. 


HS601 (Figure 9) 

This block contains two fast wide-input 
multiplexers. In this example, the PLHS601 
handles the steering of two sets of 12-bit data 


.(CT[O..11] and A[0..11]) into output sets 


RA[O..11] and DAT[0..7]. This is the type of 
applications where the PLHS601 is well 
suited for, i.e. handling wide data busses. 
This exapmie also illustrates how to 
implement a hierarchical, bottom-up design 
with SNAP. 
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MUX4 (Figure 10) 

The schematic for the simple four-bit 
multiplexer is shown. Its nine-input logic is 
easily implemented with the wide-input 
foldback NAND gates of the PLHS601. SNAP 
transforms the AND-OR logic chain shown 
into a NAND-NAND chain in the compilation 
process. 


October 1990 





Figure 10. Schematic of 4-bit Multiplexer 


MUXS (Figure 11) and MUX12 


(Figure 12) 

The eight-bit and twelve-bit multiplexers are 
implemented from MUX4 sub-blocks. This 
shows that SNAP can readily deal with 
hierarchical designs. SNAP takes the 
MUX4.MAC file, merges two or three of them 
according to the connections in Figures 11 
and 12 to create MUX8.MAC and 
MUX12.MAC. 
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Figure 11. Schematic of 8-bit Multiplexer Built from Two 4-bit Multiplexers 


Figure 12. Schematic of 12-bit Multiplexer 
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SIMULATION 

The simulation control file (.SCL) for the 
complete design is shown in Figure 13. Since 
we do not intend to cover the syntax of the 
SCL file here, the interested reader should 
consult the SNAP manual for more details. 
The SCL file is described below. 


Structure of the simulation 


control file 

This SCL file is written mainly as a set of 
subroutines, each of them performing a 
determined task, such as reading in data, 
writing out data, adding a delay, etc. That 
way, repetitive tasks are handled concisely. 
Adding or deleting tasks can be done just by 
commenting out the appropriate subroutine 
calls. 


October 1990 


Description of the SCL file 

The simulation file is set-up to duplicate an 
actual situation, except that timing is looser in 
order to concentrate on the logical 
functionality of the design. The simulation 
starts out with a system reset, then goes on 
with the detection of F3, the triggering pattern 
on the data bus. The next 255 read/write 
operations are performed, then the address 
of the last byte is sent out on the data bus in 
two consecutive bytes. Finally, an interrupt 
acknowledge from the system controller is 
generated. 


Handling Pins 19 and 25 for the 
PML2552, and Vcc In Multiple- 
PLD Designs 

For the PML2552, pin 18 (SCM), pin 19 (SCI) 
are used to handle the scan mode. Pin 25 
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(PD) enables or disables to power-down 
mode. In a typical application, if neither scan 
mode nor power-down is desired, pins 19 and 
25 are tied to ground. Since SNAP 1.6 does 
not automatically handle the grounding of a 
signal, pins 19 and 25 are brought out to a 
separate input (see Figure 2). Actual 
grounding of that input is done in the SCL file. 
Similarly, in the case of multiple-PLD design, 
Voc is not automatically transferred from the 
lower level of the single PLD to the top level. 
It is therefore brought out as another dummy 
input (Figure 2) and tied to the power node. It 
is also set to high permanently in the SCL 
file. 
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FO III I III IOI ISI III IIIS IOI ISI IOI III I I II I 


* Output of Waveform Version 1.40 * 
* Date: 05/14/90 Time: 14:31:41 * 


ROOK IO km kok kkk tk kok 
x : ok 
Input File Name : PML2552B.SCL 
Rule File Name : Scl Rule 


Output File.Name : PML2552B.SCL 
* 


SII OOOO OI IOI III I I I IOI ICI 

P AO, Al, A2, A3, A4, AS, A6, AT, A8, AY, AlO, All, Al2, Al3, Al14, A15, 
ALE, RESET, RDB, WRB, PSEN, CNTCK1, 
INT, CEB, CE257, CNT, C4002, 
WRBB, RDBB, CTO, CTl, CT2, CT3, CT4, CT5, CT6, CT7, CT8, CT9, CT10, 
CT1l1, RAO, RAl, RA2, RA3, RA4, RAS, RA6, RA7, RA8, RA9, RA10, RA11, 
DATO, DAT1, DAT2, DAT3, DAT4, DATS, DAT6, DAT? 

PCO 

* 


* INITIAL SET UP 
* 

ST 0 (PIN19) 

ST 1 (vcc) 
* 


* RESET ROUTINE 

* 

SUB RST 

PC ‘RESET’ 

S 1 (20,60) RESET 
* SU TIME=*+100 
END 
* 


* NORMAL WRITE ROUTINE 
* 
SUB NWRITE 
PC ‘NORMAL WRITE’ 
S 0 (180, 260, 280, 840) AO, Al, A3, A10 
S 1 (180, 260) a4, AS 
S 0 (180, 840) A2, A6, A7, A15 
ST 0 (A8, A9, Al2, A1l3, Al14) 
ST 1 (All) 
S 0 (60, 200, 860) ALE 
S 0 (60) PSEN 
S 1 (300, 800) WRB 
ST 1 (RDB) 
SU TIME=*+1000 
END 
* 


* NORMAL READ ROUTINE 

* 

SUB NREAD 

PC ‘NORMAL READ ROUTINE’ 

S 1 (180, 420, 620, 840) AO, Al, A2, A3 
S 0 (180, 840) A4, AS, A6, AT, A8, AS, Al0, All, Al2, Al3, Al4, A15 
S 0 (60, 200, 860) ALE 

S 0 (60) PSEN 

S 1 (400, 800) RDB 

ST 1 (WRB) 

SU TIME=*+1000 

END 





Figure 13. Simulation Control File 
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* READ ROUTINE WHEN DATA = F3 DETECTED 

* 

SUB F3READ 

PC 'F3 READ ROUTINE’ 

s (180, 420, 720, 840) AO, Al, A4, A5, A6, AT 
(180, 840) A8, A9, AiO, All 
(180, 840) A2, A3, Al2, Al3, A14, A15 
(60, 200, 860) ALE 
(60) PSEN 
(400, 800) RDB 

ST 1 (WRB) 

SU TIME=*+1000 

END 


* 


* SUBROUTINE TO ACKNOWLEDGE INTERRUPT 
* 

SUB INTACK 

PC ‘INTERRUPT ACKNOWLEDGE’ 
(180, 260, 280, 840) AO, Al, A3 
(280, 840) AS, A6, A7 
(180, 260, 840) A2, A4 
(180, 840) A8, A9, Al0, All, A12, A13, A15 
(180, 840) A14 
(60, 200, 860) ALE 
(60) PSEN 

(400, 800) WRB 

ST 1 (RDB) 

SU TIME=*+1000 

END 
* 


* SUBROUTINE TO EXECUTE NORMAL READ AND WRITE 128 TIMES 
* 

SUB NRW128 

PC ‘READ AND WRITE 128 TIMES’ 
SETV COUNT, 1 
AGAIN 

CALL NREAD 

CALL NWRITE 

INCR COUNT, 1 

IFV COUNT<128 GT AGAIN 

S 0 (60, 200, 860) ALE 

S 0 (60) PSEN 

S 1 (400, 800) WRB 

ST 1 (RDB) 

END 


* 


* SUBROUTINE TO CREATE A DELAY 
x 

SUB DELAY 

PC ‘SUB FOR 180NS DELAY’ 

SU TIME=*+180 


END 
* 


1 
0 
1 
1 
0 
0 
0 
1 





Figure 13. Simulation Control File (Continued) 
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* SUBROUTINE TO USE THE SETV AND DECV COMMANDS 
* TO SEND A KNOWN DATA PATTERN ON A BUS 

* 

SUB NBUS 

PC ‘SUB TO HANDLE BUS’ 

S 0 (60, 200, 860) ALE 

S 0 (60) PSEN 

S 1 (400, 800) WRB 

ST 1 (RDB) 

CALL DELAY 

SETV VAR1, 243 

DECV VAR1 (A7, A6, AS, A4, A3, A2, Al, AO) 
SETV VAR3, 1 

DECV VAR3 (A15, Al4, A13, Al2, All, A10, A9, A8) 
sU TIME=*+1000 

END 


SUBROUTINE TO READ THE LOWER BYTE OF THE LAST SRAM 
ADDRESS. DATO-7 SHOULD REFLECT THE LOWER BYTE OF THE 
12-BIT COUNTER CTO-CT7 


SUB R4001 

PC ‘SUB TO READ LOWER ADDRESS BYTE’ 

S 0 (60, 200, 860) ALE 

S 0 (60) PSEN 

S 1 (400, 800) RDB 

ST 1 (WRB) 

CALL DELAY 

SETV VARI, 1 

DECV VAR1 (A7, A6, AS, A4, A3, A2, Al, AQ) 
SETV VAR3, 64 

DECV VAR3 (Al5, A14, A13, A12, All, A10, A9, A8) 
SU TIME=*+1000 

END 


SUBROUTINE TO READ THE HIGHER BYTE OF THE LAST SRAM 
ADDRESS. DATO~7 SHOULD REFLECT THE HIGHER BYTE OF THE 
12-BIT COUNTER CT8-CT11 


+ ee HF 


SUB R4002 

PC ’SUB TO READ LOWER ADDRESS BYTE’ 

SQ (60, 200, 860) ALE 

S 0 (60) PSEN 

S 1 (400, 800) RDB 

ST 1 (WRB) 

CALL DELAY 

SETV VAR1, 2 

DECV VAR1 (A7, A6, AS, A4, A3, A2, Al, AO) 
SETV VAR3, 64 

DECV VAR3 (Al5, Al4, Al3, Al2, All, A10, A9, A8) 
SU TIME=*+1000 

END 


Figure 13. Simulation Control File (Continued) 
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KKK IKK KKK KKK KKK KKK KEK KK 
* 


* START OF MAIN PROGRAM 
* 


FOI IO III I IOI III 
* SYSTEM RESET 


* 
CALL RST 
PERFORM A NORMAL WRITE 
CALL NWRITE 


PERFORM A NORMAL READ 


ee £ H HH 


CALL NREAD 
* 


* PERFORM A BUS HANDLING 
* 


* CALL NBUS 
* 


* DELAY BY 180NS 


* 


CALL DELAY 
* 


* PERFORM AN F3 READ 
* 


CALL F3READ 


* 


* PERFORM ANOTHER 257 R/W OPERATIONS 
* 

CALL NRW128 

CALL NREAD 

CALL NWRITE 

CALL R4001 

CALL R4002 
* 


* PERFORM INTERRUPT ACKNOWLEDGE 
x 


CALL INTACK 


* 


F 





Figure 13. Simulation Control File (Continued) 
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Design from PML2552B.N2 - Created on Fri Jun 22, 1990 3:19PM 
Device PML2552 
Cell name used/total 


Device = PML2552 
Pinl cTS 
Pin2 cT4 
Pin3 cT3 
Pin5 cT2 
Pin6é cTl 
Pin7 cTo 
Pin8 RESET 
Pin9 D7? 
PiniO = D6 
Pinll = D5 
Pinl2 = D4 
Pinl3 = D3 
Pinl4 D2 
Pinlé = Dl 
Pinl7 =.p0 
Pin20 = ALE 
Pin22 = PSEN 
Pin23 WRB 
Pin24 = RDB 
Pin26 Al5 
Pin28 Al4 
Pin29 = A113 
Pin30 = Al2 
Pin31 = All 
Pin33 Al10 
Pin34 AQ 
Pin35 A8 
Pin36 CNTCK 
Pin37 A7 
Pin39 A6 
Pin40 AS 
Pin4l A4 
Pin4d2 = A3 
Pin43 A2 
Pin44 = Al 
Pin4S AO 
Pin46 = CNTCK1 
Pin47 CEB 
Pin48 WRBB 
Pin50 = RDBB 
Pin51l = C4002 
Pin52 = CE257 
Pin53 = CNT 

- PinS4 = INT 
Pin6él = cCTil 
Pin6é2 = CT10 
Piné3 = CT9 
Pin64 = CT8 
Pin6é7 = CT7 
Pin6é8 = CT6 


CKDINS52 
CKNINSS2 
FBNAND 
NAND 
DIN552 
NIN552 
CDIN5S52 
CNINS5S2 
CK552 
IDFF552 
BDIN552 
BNINS52 
JKCL552 
JKPR552 
EXOR552 
TOUTS52 20 
ODFF552 12 


24 
24 
10 
10 

8 
24 
16 


~ NN RRR RRR RRR RRS 


Figure 14a. PML2552 Resources Summary 





hor od 


nouou 


Figure 14b. PML2552 Pin Assignment 
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Design from HS601.N2 - Created on Mon Aug 20, 1990 5:35PM 
Device PLHS601 
Cell name used/total 


DIN601 
NIN601 
FBNAND 

NAND 
Ex0601 
Nnou6é01 





Figure 15a. PLHS601 Resources Summary 


CONCLUSION 

A simple 8-bit logic analyzer has been 

Bind es implemented with only two PML devices and 

Pin4 A3 two SRAMs. It performs all the required data 

Pins a4 handling, as well as the interface to the 

Pin6 AS system controller. This examples shows that 

Pin? AG SNAP can easily handle hierarchical, multiple 

Ping Al PLD designs. Several useful design hints 

Pinlo A8 relevant to the intended application areas of 

Pinll = A9 the PML2552 and PLHS601 and 

Pinl3 = A10 considerations related about their 

Pinl4 = All architectures are also presented. Figures 14 

PinlS CNT and 15 depict the resource usage summaries 

Pinl? C4002 and pin assignments for those devices. There 

Pini CE257 are plenty of logic and pins remaining to 

: ni . ia a implement additional features. This design 
can readily be modified to become a data 


Pin23 DAT2 a isiti t 
Pin24 DAT3 cquisiton sysiem. 


Pin25 DAT4 
Pin27 = DATS 
Pin28 DAT6 
Pin30 DAT? 
Pin36 = RAO 
Pin38 = RAl 
Pin39 RA2 
Pin40 = RA3 
Pin4i = RA4 
Pin42 = RAS 
pin44 RA6 
Pin4S RAT 
Pin47 = RA8 
Pin48 = RAQ 
Pin4d RA10O 
PinSl = RA11 
Pin52 = cT0 
Pin53 = CTL 
Pin55S = CT2 
Pin56 = CT3 
Pin57 cT4 
Pin58 cts 
Pin59 = CT6 
Pinél = cCT7 
Piné2 = cT8 
Pin64 = cT9 
PinéS = cCT10 
Piné6 = CTil 
Pin68 = AO 


Device = PLHS601 
Pinl Al 





Figure 15b. PLHS601 Pin Assignment 


October 1990 867 


Philips Components-Signetics 


Programmable Logic Devices 


Section 10 
Package Outlines 


INDEX 
A Plastic Leaded Chip Carrier... 2... cee ee ee eee 870 
F Ceramic Dual In-Line 2.00... ccc teen ete eens 873 
FA Ceramic Dual In-Line with Quartz Window .............002. 00 eee 873 
KA — J-Leaded CERQUAD with Quartz Window .............00 2. e eee 876 
N Plastic Dual In-Line 2.0... cee eee een tenes 877 


N3 Plastic Dual In-Line (800 mil) ... 2.0... cee eee ee eens 879 


Philips Components—Signetics Programmable Logic Devices 





Package Outlines 





PLCC 

1. Package dimensions conform to JEDEC 
specifications for standard Plastic Leaded 
Chip Carrier outline (PLCC) package. 


2. Controlling dimensions are given in inches 
with dimensions in millimeters contained 
in parentheses. 


3. Dimensions and tolerancing per ANSI 
Y14.5M — 1982. 


4, “D—E” and “F—G" are reference datums on 
the molded body and do not include mold 
flash or protrusions. Mold flash or 
protrusions shall not exceed 0.15mm 
(0.006") on any side. 


. Pin numbers start with pin #1 and 


continue counterclockwise when viewed 
from the top. 


. Lead material: Olin 194 (Copper Alloy) or 


equivalent, solder dipped. 


. Body material: Plastic (Epoxy). 


8. Thermal resistance values are determined 


by Temperature Sensitive Parameter 
(TSP) method. This method uses the 
forward voltage drop of a calibrated diode 


PLASTIC LEADED CHIP CARRIER (PLCC) 


NO. OF LEADS PACKAGE CODE DESCRIPTION 


350mil-wide 


450mil-wide 
750mil-wide 


to measure the change in junction, 
temperature due to a known power 
application. Test conditions for these 
values are: 


Test Ambient—Still Air 

Test Fixture— 0),— Glass epoxy test 
board (2.24” x 
2.24" X 0.062") 


0 jc~- Water cooled heat 
sink 


TYPICAL 64,/Qj¢ VALUES (°C/W) 
70 30 


61 26 
42 14 





950mil-wide 


20-PIN PLASTIC LEADED CHIP CARRIER 


Le? ose) Geol peo) 
ene ZN ila ee 


010 (0.25) 
MAX.R 
3 PLACES 


© 
bas (122 ) 
Daz (in? y X45° 


eee ee one! Fa © 


peas wal 


! Tes 1B) 


[<3] 04 (0.10) J scare ama | 
b 


~ 
B45 (1.14) R 
025 (84) 

20 PLACES 


853-0400 93885 


January 1991 








[ 221 (0.53) 


| B13 (0.33) 
1 
E ot 


330 (838) 


air GSTAAD) 


120 (3.05 
680 aay 


42 14 


igi 

1. Package dimensions conform to JEDEC specification 
MO-047-AA for plastic leaded chip carrier 20 leads, 
.050 inch lead spacing, square. (issue A, 10/31/84). | 

. Controlling dimensions: inches. Metric dimensions in 
mm are shown in parentheses. 

. Dimensioning and tolerancing per ANSI Y14.5M-1982. 

. Datum plane ''H' located at the top of mold parting 
line and coincident with top of lead. Where lead 
exists plastic body. 

. Location to datum ‘'A'' and ''B" to be determined at 
plane "'H".These datums do not include mold flash. 
Mold flash protrusion shall not exceed .006” (0.15mm) 
on any side. 

. Datum "'D-E" and "F-G' are determined where these 
center leads exit from the body at plane ‘'H". 

. Pin numbers continue counterclockwise to pin #20 
(top view). 

. Signetics order code for product packaged’ in a PLCC 
is the suffix ''A" after the product number. 

. Applicable to packages with pedestal! only. 


A O15 (0.38) 


180 (4.57) 


] 07 (0.10) ©! DE ©. FO 





870 


DOS (0.13) e 020 (0.5) MIN. 
PEDESTAL |CLEARANCE W/O 
CLEARANCE PEDESTAL 
/. SEATING 


PLANE 


A 
fol a10 (025) CfAS[B@} 
fg 215 038) Ol b= D] 


-198 (5.03) 
-104 (4.83) 


330 (8.38) 
200 (7.379 
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28-PIN PLASTIC LEADED CHIP CARRIER 


fo! oor (0.18) OBS DE O) 


1 p02 IN / IN'B! 


“aS A 


NOTES: 

1. Package dimensions conform to JEDEC specification 
MO-047-AB for plastic leaded chip carrier 28 leads, 
.050 inch lead spacing, square. (issue A, 10/31/84). 

. Controlling dimensions: inches. Metric dimensions in 
mm are shown in parentheses. 

. Dimensioning and tolerancing per ANSI Y14.5M-1982. 

. Datum plane "'H" located at the top of mold parting 
line and coincident with top of lead. Where lead exits 
plastic body. 

. Location to datum "A" and ‘'B' to be determined at 


AVS (1257) 
485 (12.32) 


DOF (0.18) O'A® F-GG) 


300 (782) 


O10 (0.25) 
MAX. A 
3 PLACES 


ASB (11.58) 
“ASO (1743) 


AGS (12.57) 
AS (1232) 


plane ‘'H''. These Datums do not include mold flash. 
Mold flash protrusion shall not exceed .006” (0.15 
mm) on any side. 


. Datum "'D-E" and ''F-G" are determined where these 


center leads exit from the body at plane ‘'H’’. 


| 
| 


. Pin numbers continue counterclockwise to pin #28 
(top view). 

. Signetics order code for product packaged in a PLCC 
is the suffix "A" after the product number. 


24a (122), x 45° . Applicable to packages with pedestal only. 


DA2 (1.07) 


ASH (11.58) 


450 (1143) #25 (0.04) 


aN. 


(S] 007 (0.18) Oia GlF—-ae® 
002 


032 (081) ® 
“sie ian ‘B26 (0.86) 7 


120 (3.05) 
“paz (07) ier At o | { 


pe0 (229) D1S (038) 


A\ 205 (0.13) 020 (0.5) MIN. 
PEDESTAL | CLEARANCE W/O 


CLEARANCE PEDESTAL 


SEATING 
ee PLANE A 
| | 224 (540) {OT 910 (025) OlAG]eO) 


“218 (554) 
| [o] 215 (038) “© |p-e @) 


400 (4.57) 
165 (4.10) 


En 24 089) 
DAS (1.44) R ‘Dis (033) (0.33) 
£25 (0.84) | 
430 (092 
300 ( 0.96) 


26 PLACES 
853-0401 93885 


A30 (10.82) 
300 ( 991) 





52-PIN PLASTIC LEADED CHIP CARRIER 


002 IN / IN'B) 


ol 
DIO (0.25) 


MAX. R 
3 PLACES 


AOD Rae NOTES: 

a 1, Package dimensions conform to JEDEC specification 
MO-047-AD for plastic leaded chip carrier 52 leads, 
.050 inch lead spacing, square. (issue A, 10/31/84). 

. Controlling dimensions: inches. Metric dimensions in 
mm are shown in parentheses. 

. Dimensioning and tolerancing per ANSI Y14.5M-1982. 

. Datum plane ''H' located at the top of mold parting 
line and coincident with top of lead, where lead exits 
Plastic body. 

. Location to datum ''A" and ''B" to be determined at 
plane “'H'’. These Datums do not include mold flash. 
Mold flash protrusion shall not exceed .006” (0.15 

t mm) on any side. 

| . Datum "'D-E" and ''F-G" are determined where these 

center leads exit from the body at plane "'H’"’. 


-795 (20.19) 
-785 (19.94) 


{Boe 53H]; ——y 


ane 


> DO? (0.18) 





DoF OT) SBS D-ES: 





& 
48 (122), 
Daz (107) * 45 


p——(_050 (127)' 4 SIDES 


(OT Dor (0.18) SAS F-a> 
77002 IN 7 INA 

Be A ® 

as 958 (142) yee 


Daz (107) ie 


A 
{. 


ii 004 (0-10) T SEATING 
ter PLANE 


795 (20.19) 
785 (19.94) 


| 
| 


ry 060 (1.52) 


J MINL 
)--——— Z 
25 (0.84) 
MIN, 


758 (19.20) 
750 (19.05) 


(932 (0.81) (2120 _ (3.05) 


‘B26 (0.88) i 90 (2.29) 


180 (4.57) 
165 (4.19) | 


£21 (053) S100? (0.18) @ DES FOS! | 





if 
52 PLACES 

B45 (1.14) 

025 (054) 


853-0397 93885 


January 1991 


HI O33y — | 


aay | 
Sos Ce Cras: | 


Lip 


. Pin numbers continue counterclockwise to pin #52 
(top view). 


. Signetics order code for product packaged in a PLCC 


is the suffix "A" after the product number. 
. Applicable to packages with pedestal only. 


Ay 215 (038) 020 (0.5) MIN. 
005 io 13) | CLEARANCE W/O 


PEDESTAL 


SEATING 
] 7 PLANE 
i A 
{ g BA (925) 364 364 (9.25) 2: 010 {0.25) ler B10 (025) CA® BO! Al = 





730 (18.54) 
B90 (17.53) : 


871 


2 , 358 (9.09) 
730 (18.54) S D15 (0.38) ODE ©) 


890 (1753) 
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68-PIN PLASTIC LEADED CHIP CARRIER 


BOS (25.27) 


S 007 (0.18) G aC F-ac. 





Si DoF 0.18) CBS DLO r 985 (25.02) 
i002 IN /IN iB, 


“al A 


10 (0.25) MAX, RL 
3 PLACES 


958 (24.33) 
950 (24.13) 


| 


50 (1.27) | 4 SIDES 


958 (24.33) 
S| _007 (0.18) © 'A@F-OS) 950 (24.13) 
T7902 NIN a! 
~B- 
A 058 (1.42) 


"165 « aaa 


NOTES: 

1, Package dimensions conform to JEDEC specification 
MO-047-AE for plastic leaded chip carrier 68 leads, 
.050 inch lead spacing, square. (issue A, 10/31/84). 

. Controlling dimensions: inches. Metric dimensions in 
mm are shown in parentheses. 

. Dimensioning and tolerancing per ANSI Y14.5M-1982. 

. Datum plane "'H"' located at the top of mold parting 
line and coincident with top of lead, where lead exits 
plastic body. 

. Location to datum "'A"' and "'B"' to be determined at 
plane ''H''. These Datums do not include mold flash. 
Mold flash protrusion shall not exceed .006” (0,15 
mm) on any side. 

. Datum "'D-E" and "F-G" are determined where these 
center leads exit from the body at plane ''H". 

. Pin numbers continue counterclockwise to pin #68 
(top view). 

. Signetics order code for product packaged in a PLCC 
is the suffix ''A'' after the product number. 

. Applicable to packages with pedestal only. 


218 (038) 1 929 (0.5) MIN. | 

& 05 (0-13) | CLEARANCE W/o! 
PEDESTAL L. PEDESTAL | 
CLEARANCE 


LiL Gi Gy ‘ : SEATING 
“ 1 7 PLANE 
tng ‘ser meosay hi S__H10 (025) Da ee: A 


180 ro fas) 


045 (1.14) O13 (0.33) 007 (0.18) W'D-E@ F-a G “Boe (15.19) 
a 


025 (0.64) 
68 PLACES 930 (23.82) 


853-0398 92630 


January 1991 





930 (23.82) | Sr ais Osa) GOS 


h——— $00 (241) TO" O15 (038) OF-aS) "—— Reo (2281) 


872 
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HERMETIC CERDIP 

1. Package dimensions conform to JEDEC 5. These dimensions measured with the to measure the change in junction 
specifications for standard Ceramic Dual leads constrained to be perpendicular to temperature due to a known power 
Inline (CERDIP) package. plane T. application. Test conditions for these 


2. Controlling dimensions are givenininches 6. Lead material: ASTM alloy F-30 (Alloy 42) 


values follow: 


with dimensions in millimeters, mm, or equivalent — tin plated or solder dipped. Test Ambient—Still Air 
containesiin parentheses 7. Body material: Ceramic with glass seal at Test Fixture— 0)5,— Textool ZIF 

3. Dimensions and tolerancing per ANSI leads. socket with 
aM See: 8. Thermal resistance values are determined 0.04” stand-off 

4. Pin numbers start with pin #1 and by Temperature Sensitive Parameter 8 jc— Water cooled heat 
continue counterclockwise when viewed (TSP) method. This method uses the sink 
from the top. forward voltage drop of a calibrated diode 


CERAMIC DUAL IN-LINE PACKAGES 


TYPICAL 8,/Oj¢ VALUES (°C/W) 


NO. OF LEADS PACKAGE CODE DESCRIPTION Average Oj¢ 





20 F, FA 300mil-wide 72 
24 F, FA 300mil-wide 62 
28 F, FA 600mil-wide 45 


20-PIN CERAMIC DUAL IN-LINE, F PACKAGE (WITH QUARTZ WINDOW, FA PACKAGE) 


SEE NOTE 6 
.078 (1.98) 078 (1.98) 


012 (.30) 012 (.30) 


306 (7.77) 


285 (7.24) 


a Laie {2.54) BSC 


975 (24.73) 
+940 (23.88) 


.058 (1.47) .070 (1.78) 
030 (76) 050 (1,27) 


178 (4.45) 


.200 (5.08) aR A lel, 
145 (3.68) 


165 (4.19) 
SEATING 
PLANE 165 (4.19) 
125 (3.18) 035 (89) 


020 (.51) 


015 (98) 


023 (.58 
BT TERGaw 4B 010 (25) 


015 (.38) 


853-0584 88099 
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NOTES: 

. Controlling dimension: inches. Millimeters are shown in 
parentheses. 

. Dimensions and tolerancing per ANS! Y14.5M - 1982. 

."T', "D", and "E" are reference datums on the body 
and include allowance for glass overrun and meniscus on 
the seal line, and lid to base mismatch. 

. These dimensions measured with the leads constrained 
to be perpendicular to plane T. 

. Pin numbers start with pin #1 and continue 
counterclockwise to pin #20 when viewed from the top. 

. Denotes window location for EPROM products. 


.320 (8.13) 


.290 (7.37) 
(NOTE 4) 


BSC 
.300 (7.62) 
(NOTE 4) 
395 (10.03) 
300 (7.62) 
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24-PIN CERAMIC DUAL IN-LINE, F PACKAGE 


.098 (2.48) 
[-* 030 (76), 


SEE NOTE 6 


ed bee .100 (2.54) BSC 


1.280 (32.51) 


1.240 (31.40) 
.070 (1.47) 


.050 (.76) 


SEATING 
PLANE 


.023 023 (58) 58) 


Tan SEB UI as @) 


098 (2. 49) 
“030 ( 76) 


.306 (7.77) 
285 (7.24) 


175 (4.45) 


200 (5.08) 35-36) 


.165 (4.19) 


165 (4 19) 
125 (3.18) 


O15 (.98) 
010 (25) 


28-PIN CERAMIC DUAL IN-LINE, F PACKAGE (600mil-wide) 


5 L -100(2.54)BSC 


1,485(37.72) 
1.440(36.58) 
.070(1.78) 


.050(1.27) 


598 (15.19) 
514 (13.06) 


175 (4.45) 
145 (3.68) 


AW 


165 165 (4.19) 19) 
1125 @.18) (3.18) 


023 (58) 
ore (a) ~ LTT [oo 010 25) 


853-0589 84000 
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NOTES: 

1. Controlling dimension: inches. Millimeters are shown in 
parentheses. 

2. Dimensions and tolerancing per ANSI Y14.5M - 1982. 

3. "T", "D", and "'E" are reference datums on the body 
and include allowance for glass overrun and meniscus on 
the seal line, and lid to base mismatch. 

. These dimensions measured with the leads constrained 
to be perpendicular to plane T. 

. Pin numbers start with pin #1 and continue 
counterclockwise to pin #24 when viewed from the top. 

. Denotes window location for EPROM products. 


320 (8.13) 


290 (7.37) 
(NOTE 4) 


(NOTE 4) 


395 (10.03) 
300 (7.62) 





NOTES: 
1. Controlling dimension: inches. Millimeters are shown in 
parentheses. 

2. Dimensions and tolerancing per ANSI Y14.5M - 1982. 

3. "T", "D", and “E" are reference datums on the body 
and include allowance for glass overrun and meniscus on 
the seal line, and lid to base mismatch. 

. These dimensions measured with the leads constrained 
to be perpendicular to plane T. 

. Pin numbers start with pin #1 and continue 
counterclockwise to pin #28 when viewed from the top. 

. Denotes window location for EPROM products. 


620 (15.75) 


-590 (14.99) 
(NOTE 4) 


Pry 1 eect 
- (NOTE al 


695 (17.65) 
“00 (15.24) 





Philips Components—Signetics Programmable Logic Devices 





Package Outlines 





24-PIN CERAMIC DUAL IN-LINE WITH QUARTZ WINDOW, FA PACKAGE 


098 3 (2.4 49) 098 (2. 49) NOTES: 
“030 (76 (76), 1. Controlling dimension: inches. Millimeters are shown in 
parentheses. 
2. Dimensions and tolerancing per ANSI Y14.5M - 1982. 
3. "T", “D", and “E" are reference datums on the body 
and include allowance for glass overrun and meniscus on 
the seal line, and lid to base mismatch. 
. These dimensions measured with the leads constrained 
306 (7.77) to be perpendicular to plane T. 
385 (7.24) . Pin numbers start with pin #1. and continue 
7 counterclockwise to pin #20 when viewed from the top. 


-100 (2.54) BSC 
1.280 (32.51) 


1.240 (31.4 
070 (1.47) 4.8) 1320 (8.13) 


050 (.76) .290 (7.37) 
(NOTE 4 


175 (4.45) 
.200 (5.08) ————— 


: 145 (3.68 
.165 (4.19) = 


SEATING 
PLANE 2165 (4.19) 


-125 (3.18) 035 (.89) 


ay 


020 (.51 
.300 (7.62) 
(NOTE 4) 
023 (.58) 015 (.38) 
Se ay LED Ono 1254) Bs 395 (10.03) 


“B00 (7.62) 





28-PIN CERAMIC DUAL IN-LINE WITH QUARTZ WINDOW, FA PACKAGE 


040 (1.02) 040 (1.02) 1. Controlling dimension: inches. Millimeters are shown in 
parentheses. 

2. Dimensions and tolerancing per ANS! Y14.5M - 1982. 

3. "T", “D", and "E" are reference datums on the body 
and include allowance for glass overrun and meniscus on 
the seal line, and lid to base mismatch. 

. These dimensions measured with the leads constrained 
to be perpendicular to plane T. 
. Pin numbers start with pin #1 and continue 
-598 (15.19) counterclockwise to pin #24 when viewed from the top. 


+514 (13.06) 


fete 098 (2.49) .098 (2.49) NOTES: 


i a 100 (2.54) BSC 


1.485 (37. 1.485 (37.72) 


1.440 (36.58) -440 (36.58) 
.070 (1.78) -620 (15.75) 
(050 (1.27) 175 (4.45) 590 (14.99) 
.145 (3.68) (NOTE 4) 


L rn 225 (5.72) max. 


165 (4.19) 


125, G18) .055 (1.40) 


(020 (.51) 
[L 600 (15.24) BSC a4 


015 (38) (NOTE 4) 
023 (58) 010 (.25) 1695 (17.65) 


———~ 16} [O@}.010 (254) @ 
015 (.38) wile | ws 600 (15.24) 


853-0589 84000 
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J-LEADED CERQUAD WITH QUARTZ WINDOW 


TYPICAL 8 5,/Ojc VALUES (°C/W) 


NOTE: 
1. Fordie size of 55K mils?, 1W power dissipation, soldered. 










68-PIN J-LEADED CERQUAD WITH QUARTZ WINDOW 


25,27(.995) 

25.02 (.985) 

24.51 (.965) 3.05 (120) 

23.62 (930) 2.29 (.090) 
Lew 1.02 ( .040) X 45° i 38 (.015) 


CHAMFER ‘| 


aa (.050) TYP 


i 0.73 + .08 (0.029 + .003 
51 (02) : 
| on 


25.27 ( 995) 
| 25.02 ( .985) 

24.51 { 965) 

23.62 ( .930) 


al 


1.52(0.060) REF V- 45° TYP 4 PLACES 


SEA Mes BASE PLANE 


a 
; PLANE “see | 
{3x 0.63. 

3x 0.63(.025) R MIN 4.83 (190) 


LANE 
——_ ee 
3.94 (.155) 
1.02 +.25 ( 040 + 010) | | 0.482 (0.019 + 0.002) 
7 | 


FIGURE 1, PRINCIPAL DIMENSIONS AND DATUMS mm((inch) 


DETAILA 
TYP ALL SIDES mm((inch) 
25.27 ( .995) 
25.02 ( .985) 


ER 
¢¢ 


64x 


4.83 (190) 


3.94 (155) 0.25 ( .010) R MIN 


0.15 (006) MIN 
SEATING PLANE 


¢ . 
20.32 ( .800) .076 ( .003) MIN 
NOMINAL { : Y 


SEE DETAILA 


11.94 (470) | 11.94 ( .470) \ 
11,18 (.440) 11.18 (440) | 


0.25 ( .010) .508 (020) R MIN 
.15 (006 i 
FIGURE 2. TERMINAL DETAILS mm/{inch) 0.15 ( 006) DETAIL B mm/(inch) 


SEE DETAIL B 


1. ALL DIMENSIONS AND TOLERANCES TO CONFORM TO ANSI Y14.5-1982. 
[2.] UV WINDOW IS OPTIONAL. 


DIMENSIONS DO NOT INCLUDE GLASS PROTRUSION. GLASS PROTRUSION 
TO BE 0.005 INCHES MAX ON EACH SIDE. 


CONTROLLING DIMENSION MILLIMETERS. 


ALL DIMENSIONS AND TOLERANCES INCLUDE LEAD TRIM OFFSET AND 
LEAD PLATING FINISH. 


BACKSIDE SOLDER RELIEF IS OPTIONAL AND DIMENSIONS ARE FOR 
es4a7s'o0dai REFERENCE ONLY. 
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PLASTIC DIP 

1. Package dimensions conform to JEDEC 
specification MS—001-AA for standard 
Plastic Dual Inline (DIP) package. 


2. Controlling dimensions are given in inches 
with dimensions in millimeters, mm, 
contained in parentheses. 


3. Dimensions and tolerancing per ANSI 
Y14.5M — 1982. 


4. “T", ‘D" and “E" are reference datums on 
the molded body and do not include mold 
flash or protrusions. Mold flash or 
protrusions shall not exceed 0.01 inch 
(0.25mm) on any side. 


PLASTIC DUAL IN-LINE PACKAGES 


100 (2.54) BSC 
1.057 (26.85) 


1.045 (26.54) 
.064 (1.63) 


.045 (1.14) 


SEATING 
PLANE 


022 (56) 


853-0408 81234 ena 
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plane T. 


. These dimensions measured with the 
leads constrained to be perpendicular to 


. Pin numbers start with pin #1 and 


continue counterclockwise when viewed 


from the top. 


equivalent, solder dipped. 


. Lead material: Olin 194 (Copper Alloy) or 


. Body material: Plastic (Epoxy). 


9. Thermal resistance values are determined 


by Temperature Sensitive Parameter 
(TSP) method. This method uses the 


DESCRIPTION 


Cu. Lead Frame 
300mil-wide 


Cu. Lead Frame 
300mil-wide 


Cu. Lead Frame 
600mil-wide 


Cu. Lead Frame 
300mil-wide 


.255 (6.48) 
245 (6.22) 


.160 (4.06) 
135 (3.43) 


198 (3.51) 
.120 (3.05) 


STEEL 010 (25)_-G} 
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forward voltage drop of a calibrated diode 
to measure the change in junction 
temperature due to a known power 
application. Test conditions for these 
values are: 


Test Ambient—Still Air 
Test Fixture— 0j,— Textool ZIF 
socket with 
0.04” stand-off 
0 jc— Water cooled heat 
sink 


TYPICAL 65,/85¢ VALUES (°C/W) 


125 (3.18) 


115 (2.92) 
LL. 


.035 (.89) 
.020 (.51) 


015 (.38) 
010 (.25 ) 





NOTES: 

1. Controlling dimension: inches. Metric are shown in 
Parentheses. 

2. Package dimensions conform to JEDEC specification 
MS-001-AE for standard dual in-line (DIP) package .300 
inch row spacing (PLASTIC) 20 leads (issue B. 7/85) 

3. Dimensions and tolerancing per ANS! Y14. 5M-1982, 

4. "T", "D" and "E" are reference datums on the molded 
body and do not include mold flash or protrusions. Mold 
flash or protrusions shall not exceed .010 inch (.25mm) 
on any side. 

. These dimensions measured with the leads constrained 
to be perpendicular to plane T. 

. Pin numbers start with Pin #1 and continue ' 
counterclockwise to pin #20 when viewed from the top. | 


-322 (8.18) 


-300 (7.62) 
(NOTE 5) 


300 (7.62) 
(NOTE 5) 
-395 (10.03) 


.300 ( 7.62) 
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24-PIN PLASTIC DUAL IN-LINE (N PACKAGE) 
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1$5(394) 
-T48 T368 


BSC| | 
saueeer el 
(NOTE 5) 


395(1003) 
300T 762) 


853-0410 98727 


NOTES: 

1. Controlling dimension: inches. Metric are shown in 
parentheses. 

2. Package dimensions conform to JEDEC specification 
MS-011-AB for standard dual in-line (DIP) package .600 
inch row spacing (PLASTIC) 28 leads (issue B. 7/85) 

. Dimensions and tolerancing per ANS! Y14. 5M-1982. 

."T", "D" and “E" are reference datums on the molded 
body and do not include mold flash or protrusions. Mold 
flash or protrusions shall not exceed .010 inch (.25mm) 
on any side. 

. These dimensions measured with the leads constrained 
to be perpendicular to plane T. 

. Pin numbers start with pin #1 and continue 
counterclockwise to pin #28 when viewed from the top. 


560 (14,22) 
545 (19.84) 


bey 100 (2.54) BSC 


4.480 (37.08) 


1.415 (35.94) 

.064 (1.63) 620 (15.75) 

1045 (1.14) 1155 (3.94) .600 (15.24) 
.145(3.68} 


yo yak 


.200 (5.08) 


“165 (4,19) 


020 (.51) 


138 (3.51) 


hea .600 (15.24) BSC 2} 


(NOTE 5) 
695 (17.65) 


120 (3.05) 
.022 (.58) 015 (.38) 
—-—— {{TIEDG 010 (25) @) "o10 (25) —~ 600 (15.24) 


017 (43) 





853-0413 84099 
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28-PIN PLASTIC DUAL IN-LINE (N3 PACKAGE) 


[ [0 © [004 (10) | 


.260 (6.60) 


1245 (6.22) 


—— .100 (2.54) BSC 


1.460 (37.08) 
1.415 (35.94) 


.064 (1.63) 
(045 (1.14) 


.200 (5.08) 
(165 (4.19) 


SEATING fe | 
PLANE 


-138 (3.51) 
.120 (3.05) 


oir (ay © LTE [06 [020 (5 |] 
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NOTES: 
1. Controlling dimensions: inches. Metric are 
shown in parentheses. 
2. Dimensions are tolerancing per ANSI 
Y14.5M-1982. 
3. "T",“D", and “E” are reference datums on the 
molded body and do not include mold-flash 
or protrusions which shall not exceed .010 
inch (.25 mm) on any side. 
. These dimensions measured with the leads 
constrained to be perpendicular to plane “T". 
. Pin numbers start with #1 and continue 
counterclockwise to pin #28 when viewed 
from the top. 


320 (8.13) 


300 (7.62) 
(NOTE 5) 


.155 (3.94) 
-145 (3.68) 


045 (1.14) 
020 ( .51) 


(NOTE 5) 


015 (.38) 395 (1.003) 
010.25). 300 ( .762) 
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Distributors 


Programmable Logic Devices 


SIGNETICS 
HEADQUARTERS 

811 East Arques Avenue 
P.O. Box 3409 

Sunnyvale, CA 94088-3409 
Phone: (408) 991-2000 


ALABAMA 
Huntsville 
Phone: (205) 830-4082 


CALIFORNIA 
Calabasas 
Phone: (818) 880-6304 


rvine 
Phone: Via) 833-8980 
4) 752-2780 


San Dieg 
Phone: (619) 560-0242 


Sunnyvale 
Phone: (408) 991-3737 


con aOe 
n 
hone: (303) 792-9011 


GEORGIA 
Atlanta 
Phone: (404) 594-1392 


ILLINOIS 
Itasca 
Phone: (708) 250-0050 


INDIANA 
Kokomo 
Phone: (317) 459-5355 


MASSACHUSETTS 
Westford 
Phone: (508) 692-6211 


MICHIGAN 
Farmington Hills 
Phone: (313) 553-6070 


NEW JEneee 
Parsipp 
Phone: @: (201) 334-4405 


Toms River 
Phone: (201) 505-1200 


NEW YORK 
Wappingers Falls 
hone: (914) 297-4074 


bape 
Colum 
phone "(614) 888-7143 


OREGON 
Beaverton 
Phone: (503) 627-0110 


PENNSYLVANIA 


Plymouth Meeting 
Phone: (215) 825-4404 
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TENNESSEE 
Greeneville 
Phone: (615) 639-0251 


TEXAS 
Austin 
Phone: (512) 339-9945 


Richardson 
Phone: (214) 644-1610 


CANADA 


SIGNETICS CANADA, LTD. 


Etobicoke, Ontario 
Phone: (416) 626-6676 


Nepean, Ontarlo 
hone: (613) 225-5467 


REPRESENTATIVES 


ALABAMA 
En 

Elcom, | 

Phone: (205) 830-4001 


ARIZONA 

Scottsdale 
Thom Luke Sales, Inc. 
Phone: (602) 941-1901 


CALIFORNIA 

Folsom 
Webster Associates 
Phone: (916) 989-0843 


COLORADO 
Englewood 
om Luke Sales, Inc. 
Phone: (303) 649-9717 


CONNECTICUT 
Wallingford 


JEBCO 
Phone: (203) 265-1318 


FLORIDA 

Oviedo 
Conley and Assoc., Inc. 
Phone: (407) 365-3283 


GEORGIA 
Norcross 
Elcom, Inc 
Phone: (404) 447-8200 


ILLINOIS 

Hoffman Estates 
Micro-Tex, Inc. 
Phone: (708) 382-3001 


INDIANA 
psiowpen 
Mohrfield Marketing, Inc. 
Phone: (317) 546-6969 


IOWA 
Cedar Rapids 
J.R. Sales 
Phone: (319) 393-2232 
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MARYLAND 

Columbia 
Third Wave Solutions, Inc. 
Phone: (301) 290-5990 


MASSACHUSETTS 
Chelmsford 


JEBCO 
Phone: (508) 256-5800 


MICHIGAN 

Brighton 
AP Associates, Inc. 
Phone: (313) 229-6550 


MINNESOTA 

Eden Prairie 
High Technology Sales 
Phone: (612) 944-7274 


MISSOURI 
iy pis 
Centec! 
Phone: tars 291-4230 


Reyiown 
Cent 
phone: vane 358-8100 


NEW MEXICO 
Albu ee 


F.P. 
pha 508) 345-5553 


NEW YORK 

Ithaca 
Bob Dean, Inc. 
Phone: (607) 257-1111 


Rockville Centre 
S-J Associates 
Phone: (516) 536-4242 


Wa Le ers Falls 
ean, Inc. 
Phone. (914) 297-6406 


NORTH CAROLINA 
Smithfield 


ADI 
Phone: (919) 934-8136 
OHIO 


Aurora 


piece Technical Sales, 


ne. 
Phone: (216) 562-2050 
Columbus 


InterActive Technical Sales, 


Inc. 
Phone: (614) 888-1256 


Dayton 


nterActive Technical Sales, 


Inc. 
Phone: (513) 436-2230 


OREGON 

Beaverton 
Western Technical Sales 
Phone: (503) 644-8860 


PENNSYLVANIA 

Hatboro 
Delta Technical Sales, Inc. 
Phona: (215) 957-0600 


TEXAS 

Austin 
Synergistic Sales, Inc. 
Phone: (512) 346-2122 


Houston — 
Beal Sales, Inc. 
Phone: (713) 937-1990 


Richardson 
Sole Sales, Inc. 
Phone: (214) 644-3500 


UTAH 
Salt Lake eae 
Electrod 
Phone: (801) 264-8050 


WASHINGTON 

Bellevue 
Western Technical Sales 
Phone: (206) 641-3900 


Spokane 
Western Technical Sales 
Phone: (509) 922-7600 


WISCONSIN 
Waukesha 

Micro-Tex, Inc. 

Phone: (414) 542-5352 


CANADA 
Calgary, Alberta 
ech-Trek, Ltd. 
Phone: (403) 241-1719 


Mie Ontarlo 
Tech-Trek, Ltd. 
Phone: (416) 238-0366 


Nepean, On aes 
ch-Trek 
Phone: 13) 25-5161 


Richmond, B.C. 
Tech-Trek, Ltd. 
Phone: (604) 276-8735 


Ville St. Laurent, Quebec 
Tech-Trek, Lt 
Phone: (514) 337-7540 


PUERTO RICO 
Santurce 

Mectron Grou 

Phone: (809) 728-3280 


DISTRIBUTORS 


Contact one of our 
local distributors: 
Anthem Electronics 
Falcon Electronics, Inc. 
Gerber Electronics 
Hamilton/Avnet Electronics 
Marshall Industries 
Lex Electronics 
Wyle/LEMG 
Zentronics, Ltd. 
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DATA HANDBOOK SYSTEM 


DATA HANDBOOK SYSTEM 


Our Data Handbook System comprises more than 60 books with specifications on electronic 
components, subassemblies and materials. It is made up of six series of handbooks: 


INTEGRATED CIRCUITS 
DISCRETE SEMICONDUCTORS 
DISPLAY COMPONENTS 
PASSIVE COMPONENTS* 
PROFESSIONAL COMPONENTS** 


MATERIALS* 


The contents of each series are listed on pages iii to viii. 


The data handbooks contain all pertinent data available at the time of publication, and each is revised 
and reissued periodically. 

When ratings or specifications differ from those published in the preceding edition they are indicated 
with arrows in the page margin. Where application is given it is advisory arid does not form part of the 
product specification. 

Condensed data on the preferred products of Philips Components is given in our Preferred Type Range 
catalogue (issued annually). 

Information on current Data Handbooks and how to obtain a subscription for future issues is 

available from any of the Organizations listed on the back cover. 

Product specialists are at your service and enquiries will be answered promptly. 


* Will replace the Components and materials (green) series of handbooks. 
** Will replace the Electron tubes (biue) series of handbooks. 


ii November 1988 | | 





INTEGRATED CIRCUITS 


This series of handbooks comprises: 


code 


1c01 
1C02a/b 


1C03 


1C04 


1C05 
1CO6 


1CO7 
1c08 
ICOON 
1c10 


Ic11 
1C12 
1C13 


1C14 


1C15 


Supplement 
to 1C15 


IC16 
1C17 


1C18 
{C19 


| June 1989 


handbook title 


Radio, audio and associated systems 
Bipolar, MOS 


Video and associated systems 
Bipolar, MOS 


ICs for Telecom 
Bipolar, MOS 
Subscriber sets, Cordless Telephones 


HE4000B logic family 
CMOS |; 


Advanced Low-power Schottky (ALS) Logic Series” 


High-speed CMOS; PC74HC/HCT/HCU 
Logic family 


Advanced CMOS logic (ACL) 
ECL 10K and 100K logic families 
TTL logic series 


Memories 
MOS, TTL, ECL 


Linear Products 
1?C-bus compatible ICs 


Semi-custom 
Programmable Logic Devices (PLD) 


Microcontrollers 
NMOS, CMOS 


FAST TTL logic series 


FAST TTL logic series 
CMOS integrated circuits for clocks and watches 


ICs for Telecom 
Bipolar, MOS 
Radio pagers 
Mobile telephones 
ISDN 


Microprocessors and peripherals 
Data communication products 


DISCRETE SEMICONDUCTORS 


This series of data handbooks comprises: 


current 
code 


$1 


S2a 
S2b 


S4b 
$5 
S6 


S7 


S8b 
s9 
$10 
$11 
S15** 
$13 
$14 


new 
code 


$co1 


$co2* 
$C03* 
SC04 
Sco5s 
SC06 
$C07 


SCco8 
Scos 


Sc10 
SC11* 
$C12 
SC 13* 
SC 14 
SC15 
$C 16 
$C17 
Sc 18* 


handbook title 


Diodes 

High-voltage tripler units 

Power diodes 

Thyristors and triacs 

Small-signal transistors 

Low-frequency power transistors and hybrid IC power modules 
High-voltage and switching power transistors 

Small-signal field-effect transistors . 


RF power transistors 
RF power modules 


Surface mounted semiconductors 

Light emitting diodes 

Optocouplers 

PowerMOS transistors 

Wideband transistors and wideband hybrid |C modules 
Microwave transistors 

Laser diodes 

Semiconductor sensors 

Liquid crystal displays and driver !Cs for LCDs 


* Not yet issued with the new code in this series of handbooks. 
** New handbook in this series; will be issued shortly. 


June 1989 | 


DISPLAY COMPONENTS 


This series of data handbooks comprises: 


RHNPENE, «EW handbook title 


code code 

T8 DCOo1 Colour display components 

T16 DCO2 Monochrome monitor tubes and deflection units 
C2 DCO3 Television tuners, coaxial aerial input assemblies 
C3 DC0O4* Loudspeakers 

C20 DCO5 Flyback transformers, mains transformers and 


general-purpose FXC assemblies 


* These handbooks are currently issued in another series; they are not yet 
issued in the Display Components series of handbooks. 


October 1989 


PASSIVE COMPONENTS 


This series of data handbooks comprises: 


n é 
cunrent cw handbook title 


code code 

C14 PAO1 Electrolytic capacitors; solid and non-solid 
C11 PAO2 Varistors, thermistors and sensors 

C12 PAO3 Potentiometers and switches 

C7 PAO4 Variable capacitors 

C22 PAO5* Film capacitors 

C15 PAO6* Ceramic capacitors 

cg PAQ7* Piezoelectric quartz devices 


C13 PAO8 Fixed resistors 


* Not yet issued with the new code in this series of handbooks. 
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PROFESSIONAL COMPONENTS 


This series of data handbooks comprises: 


current 
code 


T1 
T2a 
T2b 
T3 
T4 
T5 
T6 
T9 
T10 
T11 
T12 
T13 
T15 
C8 


new 
code 

* 

* 

* 
PCO1** 
* 
PC02** 
PCO3** 
PC04** 
PCO5 
PCO6 
PCO7 
PCO8 
PCO9** 
PC10 
PC11 


handbook title 


Power tubes for RF heating and communications 
Transmitting tubes for communications, glass types 
Transmitting tubes for communications, ceramic types 
High-power klystrons 

Magnetrons for microwave heating 

Cathode-ray tubes 

Geiger-Muller tubes 

Photo and electron multipliers 

Plumbicon camera tubes and accessories 

Circulators and Isolators 

Vidicon and Newvicon camera tubes and deflection units 
Image intensifiers 

Dry reed switches 

Variable mains transformers; annular fixed transformers 
Solid state image sensors and peripheral integrated circuits 


* These handbooks will not be reissued. 
** Not yet issued with the new code in this series of handbooks. 


May 1989 


vii 


MATERIALS 


This series of data handbooks comprises: 


current new 


de sede handbook title 


a MAO1* Soft Ferrites 


C5 
C16 MAO2** Permanent magnet materials 
c19 MA03** Piezoelectric ceramics 


* Handbooks C4 and C5 will be reissued as one handbook having the new code 
MA01, 
** Not yet issued with the new code in this series of handbooks.. 
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PHILIPS 


Philips Components — a worldwide Company 


Argentina: PHILIPS ARGENTINA S.A. Div. Philips Components, Vedia 3892, 
1430 BUENOS AIRES, Tel. (01) 541-4261. 
Australia: PHILIPS COMPONENTS PTY Ltd, 11 Waltham Street, 
ARTARMON, N.S.W. 2064, TEL. (02) 439 3322. 
Austria: OSTERREICHISCHE PHILIPS INDUSTRIE G.m.b.H., 
UB Bauelemente, Triester Str. 64, 1101 WIEN. Tel. (0222) 60 101-820. 
Belgium: N.V. PHILIPS PROF. SYSTEMS — Components Div., 
80 Rue Des Deux Gares, B-1070 BRUXELLES, Tel. (02) 5256111. 
Brazil: PHILIPS COMPONENTS (Active Devices) 
Ay. das Nacoes Unidas, 12495-SAO PAULO-SP, CEP 04578, P.O. Box 7383, 
Tel. (011) 534-2211 : 
PHILIPS COMPONENTS (Passive Devices & Materials) 
Ay. Francisco Monteiro, 702 ~ RIBEIRAO PIRES-SP, CEP 09400, 
Tel. (011) 459-8211. 
Canada: PHILIPS ELECTRONICS LTD., Philips Components, 
601 Milner Ave., SCARBOROUGH, Ontario, M1B 1M8 
Tel. (416) 292-5161. 
(IC-Products) SIGNETICS CANADA LTD., 1 Eva Road, Suite 433, 
ETOBICOKE, Ontario, M9C 425, Tel. (416) 626-6676. 
Chile: PHILIPS CHILENA S.A, Av. Santa Maria 0760, SANTIAGO, - 
Tel. (02) 773816. : 
Colombia: IPRELENSO LTDA, Carrera 21 No. 56-17, BOGOTA, D.E., 
P.O. Box 77621, Tel. (01) 2497624. 
Denmark: PHILIPS COMPONENTS ASS, Prags Boulevard 80, PB1919, DK-2300 
COPENHAGEN S, Tel. 01-541133. 
Fintand: PHILIPS COMPONENTS, Sinikalliontie 3, SF-2630 ESPOO 
Tel. 358-0-50261. 


France: PHILIPS COMPOSANTS, 117 Quai du President Roosevelt, 
92134 ISSY-LES-MOULINEAUX Cedex, Tel. (01) 40938000. 


Germany (Fed. Republic): PHILIPS COMPONENTS UB dor Philips G.m.b.H., 
Burchardstrasse 19, D-2 HAMBURG 1, Tel. (040) 3296-0. 
Greece: PHILIPS HELLENIQUE S.A,, Components Division, 
No. 15, 25th March Street, GR 17778 TAVROS, Tel. (01) 4894339/4894911. 
Hong Kong: PHILIPS HONG KONG LTD., Components Div., © 
15/F Philips Ind. Bidg., 24-28 Kung Yip St., KWAI CHUNG, Tel. (0)-4245 121. 
India: PEICO ELECTRONICS & ELECTRICALS LTD., Components Dept., 
Band Box Building, 254-D Dr. Annie Besant Rd., BOMBAY — 400025, 
Tel. (022) 493031 1/4930590. 
Indonesia: P.T. PHILIPS-RALIN ELECTRONICS, Components Div., 
Setiabudi I! Building, 6th FI, Jalan H.R, Rasuna Said (P.0. Box 223/KBY) 
Kuningan, JAKARTA 12910, Tel. (021) 517995. 
Ireland: PHILIPS ELECTRONICS (IRELAND) LTD., Components Division, 
Newstead, Clonskeagh, DUBLIN 14, Tel. (01) 693355. 
ttaly: PHILIPS S.p.A., Philips Components, Piazza IV Novembre 3, 
1-20124 MILANO, Tel. (02) 6752.1. 
Japan: PHILIPS JAPAN LTD., Components Division, Philips Bldg. 13-37, 
Kohnan 2-chome, Minato-ku, TOKYO (108), Tel. (03) 7405028 
Korea (Republic of): PHILIPS ELECTRONICS (KOREA) LTD., Components 
Division, Philips House, 260-199 !taewon-dong, Yongsan-ku, SEOUL, 
Tel. (02) 794-5011. 
Malaysia: PHILIPS MALAYSIA SDN BHD, Components Div., 
3 Jalan SS15/2A SUBANG, 47500 PETALING JAYA, Tel. (03) 7345511. 
Mexico: PHILIPS COMPONENTS, Paseo Triunfo de la Republica, No 215 
Local §, Cd Juarez CHIHUAHUA 32340 MEXICO, Tel. (16) 18-67-0102. 
Netherlands: PHILIPS NEDERLAND B.V., Marktgroep Philips Components, 
Postbus 90050, 5600 PB EINDHOVEN, Tel. (040) 783749. 
New Zealand: PHILIPS NEW ZEALAND LTD., Components Division, 
110 Mt Eden Road, C.P.0. Box 1041, AUCKLAND, Tel. (09) 605-914. 


98-7001-230 


Norway: NORSK A/S PHILIPS, Philips Components, Box 1, Manglerud 0612, 
OSLO, Tel. (02) 680200. 

Pakistan: PHILIPS ELECTRICAL CO. OF PAKISTAN LTD., Philips Markaz, 
M.A. Jinnah Rd., KARACHI-3, Tel. (021) 725772. 

Peru: CADESA, Carretera Central 6.500, LIMA 3, Apartado 5612, 

Tel. 51-14-350059. 

Philippines: PHILIPS ELECTRICAL LAMPS INC., Components Div., 106 Valero 
St Salcedo Village, MAKATI, P.O. Box 911, METRO MANILA, 

Tel. (63-2) 810-0161 

Portugal: PHILIPS PORTUGUESA S.A.R.L, Av. Eng. Duarte Pacheco 6, 
1009 LISBOA Codex, Tel. (019) 683121. 

Singapore: PHILIPS SINGAPORE, PTE LTD., Components Div., Lorong 1, 
Toa Payoh, SINGAPORE 1231, Tel. 3502000. 

South Africa: S.A. PHILIPS PTY LTD., Components Division, 
JOHANNESBURG 2000, P.O. Box 7430, 

Spain: PHILIPS COMPONENTS, Balmes 22, 08007 BARCELONA, 

Tel. (03) 3016312, 

Sweden: PHILIPS COMPONENTS, A.B., Tegeluddsvagen 1, 
$-11584 STOCKHOLM, Tel. (0}8-7821000. 

Switzerland: PHILIPS A.G., Components Dept., Ailmendstrasse 140-142, 
CH-8027 ZURICH, Tel. (01) 4882211. 

Taiwan: PHILIPS TAIWAN LTD., 581 Min Sheng East Road, P.O, Box 22978, 
TAIPEI 10446, Taiwan, Tel. 886-2-509-7666. 

Thailand: PHILIPS ELECTRICAL CO. OF THAILAND LTD., 283 Silom Road, 
P.O. Box 961, BANGKOK, Tel, (02) 233-6330-9. 

Turkey: TURK PHILIPS TICARET AS., Philips Components, 

Talatpasa Cad. No. 5, 80640 LEVENT/ISTANBUL, Tel. (01) 1792770. 

‘United Kingdom: PHILIPS COMPONENTS LTD., Mullard House, 

Torrington Place, LONDON WCIE 7HD, Tel. (01) 5806633. 

United States: (Color Picture Tubes - Monochrome & Colour Display Tubes) 
PHILIPS DISPLAY COMPONENTS COMPANY, 1600 Huron Parkway, 
P.O. Box 963, ANN ARBOR, Michigan 48106, Tel. (313) 996-9400, 

(IC Products) SIGNETICS COMPANY, 811 East Arques Avenue, 
SUNNYVALE, CA 94088-3409, Tel. (408) 991-2000. 
(Passive Components, Discrete Semiconductors, Materials and Professional 
Components) PHILIPS COMPONENTS, Discrete Products Division, 
2001 West Blue Heron Blvd., P.O. Box 10330, RIVIERA BEACH, 
Florida 33404, Tel. (407) 881-3200 
Uruguay: PHILIPS COMPONENTS, Coronel Mora 433, MONTEVIDEO, 
Tel. (02) 70-4044. 

Venezuela: MAGNETICAS.A,, Calle 6, Ed. Las Tres Jotas, CARACAS 1074A, 
App. Post. 78117, Tel. (02) 241 7509. 

Zimbabwe: PHILIPS ELECTRICAL (PVT) LTD., 62 Mutare Road, HARARE, 
P.O. Box 994, Tel. 47211. 


For all other countries apply to: Philips Components Division, Strategic 
Accounts and International Sales, P.O. Box 218, 5600 MD EINDHOVEN, The 
Netherlands, Telex 35000 phtenl, Fax 23753. 

AS80 08/10/90 ©Philips Export B.V. 1990 


All rights are reserved. Reproduction in whole or in partis prohibited without the 
prior written consent of the copyright owner. 


The information presented in this document does not form part of any quotation or 
contract, is believed to be accurate and reliable and may be changed without 
notice. No liability will be accepted by the publisher for any consequence of its use. 
Publication thereof does not convey nor imply any license under patent — or 
industrial or intellectual property rights. 
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